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MORTALITY AFTER NASOPHARYNGEAL RADIUM IRRADIATION 
FOR EUSTACHIAN TUBE DYSFUNCTION 


PETER G. VERDUIJN, MD 


SITTARD, THE NETHERLANDS 


RICHARD B. HAYES, PHD 


BETHESDA, MARYLAND 
J. DIk F. HABBEMA, PHD 


UTRECHT, THE NETHERLANDS 


CASPAR LOOMAN, MSc 
WAGENINGEN, THE NETHERLANDS 
PAUL J. VAN DER MAAS, PHD 


AMSTERDAM, THE NETHERLANDS 


Cause-specific mortality of 2,510 persons treated before 1965 by nasopharyngeal radium irradiation (average exposure, 1,200 mg/ 
min), followed to 1985, was compared to that of 2,199 nonexposed comparison subjects. No excess was found for the exposed group in 
overall mortality, cancer mortality, or in mortality of cancer of specific sites. A marginal excess (p = .07) of malignancies of the lymphatic 
and hematopoietic system was noted in exposed males only, Only one brain cancer (0.2 per 10* person-years) was identified in the exposed 


group, and two (10.3 per 10* person-years) in the nonexposed group. 


KEY WORDS — breast neoplasms, epidemiology, head and neck neoplasms, leukemia, mortality, radiation carcinogenesis, radium 


irradiation. 


INTRODUCTION 


Nasopharyngeal irradiation by application of 
radium 226 was introduced by Crowe and Baylor in 
1924 and reported in 1939.' This therapy was 
designed to improve the function of the eustachian 
tube by shrinking lymphoid tissue in and around the 
tubal orifice. It has appeared to be effective in 
children suffering from secretory otitis media? and 
in airmen suffering from barotrauma.’ 


Nasopharyngeal radium irradiation became rou- 
tine medical practice in the United States and 
Europe in the 1940s and 1950s. Consideration of the 
potential hazards for cancer from radiation treat- 
ment" and the availability of alternatives? made the 
therapy practically obsolete. 


Two smaller studies*" from the United States 
have evaluated the subsequent risk for cancer 
among children treated for various conditions by 
nasopharyngeal application of radium 226. Because 
of the interest in studies of cancer in subjects ex- 
posed to low dose irradiation, we undertook the 
current study, which assesses the risk for cancer 
mortality among a larger series, mostly of children, 
treated by nasopharyngeal irradiation with radium 
226 in the Netherlands. 


MATERIALS AND METHODS 


Study Population. By a systematic review of the 
medical records in five otolaryngology clinics in the 
Netherlands, 2,542 persons born after 1909 and 
treated with nasopharyngeal radium irradiation in 


the years 1945 to 1965 were identified and included 


for study as the exposed group. The great majority 
of the included patients (92.9%) had been treated 
for secretory otitis media (60.5%) and recurrent 
otitis (32.4%). 


After the radium-exposed group had been as- 
sembled from the clinic records, a group of non- 
exposed subjects was selected from the same clinic 
records in a random fashion until equal numbers of 
nonexposed and exposed subjects were included for 
each clinic, stratified for sex, year of birth (5-year 
age groups), and year of first contact (5-year time 
periods). The nonexposed subjects had been treated 
without the use of radium for a variety of head and 
neck disorders, including hypertrophic tonsils and 
adenoids (41.1%), recurrent otitis (28.2%), rhino- 
sinusitis (6.7%), secretory otitis media (5.2%), and 
perceptive deafness (1.4%). In total, 2,381 non- 
exposed subjects were identified and included for 
study. 


When sex was not specified in the available rec- 
ords, it consequently was defined on the basis of 
first names only. Names for which gender could not 
be specified were recorded as sex unknown. By an 
oversight, for these exposed persons of unknown 
sex, no controls were selected. This explains the dif- 
ference in size of the two study groups. In the course 
of the follow-up, the sex of all exposed persons was 
determined. 


Excluding exposed subjects for whom the date of 
first treatment was unknown and nonexposed sub- 
jects for whom the date of first treatment was either 
unknown or prior to the period of radium use in the 
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TABLE 1. NUMBER OF STUDY SUBJECTS BY CLINIC, SEX, 
AND EXPOSURE TO RADIUM 
Males Females Total 
Ex- Non- Ex- Non- Ex- Non- 
posed exposed posed exposed posed exposed 


Clinic 
l 704 645 468 463 1,172 1,108 
2 188 158 140 122 328 280 
3 388 334 346 ` 284 734 618 
4 81 TT 58 53 140 130 
5 87 43 49 20 136 63 
Total 1,448 1,257 1,062. 942 2,510 2,199 


respective clinics, 2,510 (99%) exposed and 2,199 
(92%) nonexposed persons remained for study. All 
statistics in this paper concern these selected popu- 
lations. Table 1 shows the number of exposed and 
nonexposed subjects by clinic. 


In Table 2 the numbers of exposed and nonex- 
posed subjects are presented by age at first contact, 
sex, and year of first contact for all five clinics com- 
bined. Overall, the numbers of exposed and nonex- 
posed subjects are well balanced with respect to age 
and sex. 


Follow-up. 'The cohort was followed up from the 
time of first contact until death, emigration, or, for 
those still alive and resident in the Netherlands, Feb 
1, 1985. Tracing efforts were carried out by various 
means, including search of municipal registries, 
state registries, conscription files, and telephone 
books. For those who could not be traced, a sepa- 
rate search was made in the death registry files of 
the Central Bureau of Genealogy. À summary of 
the follow-up is presented in Table 3. In total, 
94.0% of the study persons could be located, 91.1% 
alive and 2.9% deceased. Among the 6.0% not lo- 
cated, 3.8% were known to have emigrated and 
2.2% could not be traced. 


For the deceased, cause-of-death information 
was requested from the Chief Inspector of Public 
Health. Of the 138 persons known to have died, the 
underlying cause of death was determined for 133 
(96%). The cause of death could not be determined 
for four subjects because they had died outside the 


country, and for one subject because the death cer- 
tificate could not be found. 


Dosimetry. Radiation therapy was conducted by 
introducing a radium sulfate-containing cylinder 
via the nostril and leaving it for some minutes close 
to the orifice of the eustachian tube in a manner 
similar to that described by Crowe and Baylor.’ 
Type of applicator (milligrams of radium) and num- 
ber and times of applications differed in each of the 
five clinics included in this study. However, for 
every irradiated individual, these parameters were 
known (Table 4). The largest number of persons 
(n = 1,172) were irradiated with an applicator con- 
taining 25 mg radium sulfate in a nickel-alloy cap- 
sule (Monel; metal) in four sessions of 7 minutes for 
subjects under 16 years of age and for 15 minutes for 
subjects over 16 years of age. 


Distance between the radiating source and the 
tissues of the head and neck region is a function of 
the size of the individual at the time of treatment 
and the exact positioning of the applicator. Estima- 
tions of dose were made for selected tissues for 
"average persons" in each age group, on the basts of 
measurements taken from plain films of 25 individ- 
uals between the ages of 3 and 16 years and on iso- 
dose curves for the employed applicators. 


The dosage (in centigrays per hour) for the thy- 
roid, parotid, and pituitary glands was estimated 
for the applicators used in the five clinics. The ab- 
sorbed tissue doses ranged, depending on clinic and 
age, for the thyroid from 2 to 7 cGy, for the parotid 
gland from 4 to 19 cGy, and for the pituitary gland 
from 10 to 36 cGy. The doses estimated to be ab- 
sorbed by the adjacent tissues of the orifice of the 
eustachían tube and the nasopharyngeal mucosa are 
considerably more (Table 4). 


Methods of Analysis. The mortality rates per 
10,000 person-years for exposed and nonexposed 
subjects were compared by cause of death for males 
and females.*? The start of the follow-up period for 
treated persons was taken to be the date of first ir- 


TABLE 2. NUMBER OF EXPOSED AND NONEXPOSED INDIVIDUALS BY YEAR AND AGE AT FIRST CONTACT AND SEX 


Age at First Contact (yr) 
Contact Sex Exp NExp Exp NExp Exp NExp Exp NExp Exp NExp Exp NExp 
1935-1950 M 02 4) 40 17 13 8 18: 5 9 2 172 73 
F 90 38 35 1l 12 4 15, 6 7 4 165 861 
1951-1955 M 224 208 84 B 20 | 22 20 | 34 30 26 402 375 
F 174 163 13 M 33 26 20 | 26 17 15 317 314 
1856-1960 M 278 244 104 95 30 35 6 18 29 28 453 420 
F 209 186 73 | 64 20 | 329 ll 13 1l 13 333 305 
1961-19865 M 191 184 90 102 22 4l ]5 18 37 38 364 383 
F 107 125 65 72 28 36 4 10 15 17 219 260 
Total M 785 678 327 298 100 108 85 75 114 984 1,381 1,251 
F 686 510 246 231 102 95 90 5 50 49 1,034 940 


Age or year of first contact is missing for 85 exposed persons and eight nonexposed persons. | 
Exp — exposed, NExp — nonexposed. 
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TABLE 3. FOLLOW-UP STATUS OF STUDY POPULATION 
AS OF FEBRUARY 1, 1985 


Exposed Nonexposed Total 

Status n % n % n % 
Located 2,360 94.0 2,066 94.0 4,426 94.0 
Alive 2,287 91.1 2,001 91.0 4,288 91.1 
Deceased T9 29 65 3.0 138 2.9 
Not located 150 6.0 133 6.0 283 6.0 
Emigrated 95 3.9 84 3.8 179 3.8 
Lost 55 2.1 49 2.2 104 2.2 
Total 2.510 100.0 2.199 100.0 4,709 100.0 


radiation; for untreated persons the date of first 
consult was used. The end of the period of follow- 
up for all cases was the date of death, emigration, 
or loss to follow-up or Feb 1, 1985. 


Assuming that the number of cases is distributed 
as a Poisson variable, we used an exact procedure 
for testing the null hypothesis for the relative risk 
and for the calculation of 95% confidence inter- 
vals. *° 


RESULTS 


As shown in Table 5, the all-causes mortality for 
both sexes combined was similar in the exposed 
group (11.5 deaths/10* person-years) and the non- 
exposed group (ll deaths/10* person-years). For 
males, the rate in the exposed group (15.4 deaths/ 
10* person-years) is slightly higher than the rate in 
the nonexposed group (13.1 deaths/10* person- 
years), while for females the rate in the exposed 
group (6.3 deaths/10* person-years) is about 75% of 
the rate in the nonexposed group (8.3 deaths/10* 
person-years). 


For causes of death other than cancer, there are 
no remarkable differences between exposed and 
nonexposed groups. For cancer at all sites, in males 
there was a nearly threefold excess in the exposed 
group (relative risk, 2.78), while for exposed 
females the rate was about half that of the nonex- 
posed group (relative risk, 0.56). Neither of these 
findings was, however, statistically significant. 


In Table 6, the results by specific cancer site are 
shown. The number of cases for any one site is 
small, limiting the conclusions that can be drawn. 
Four cases of lymphatic and hematopoietic tumors 
were identified in radium-exposed males, while 


none were found in the nonexposed group (Fisher’s 
exact test, p = .07). The two deaths of leukemia oc- 
curred in the exposed group 20 and 24 years after 
treatment (Table 7). In females the small number of 
cancer deaths in the exposed group did not appear 
to be concentrated in particular sites. There were 
smaller numbers of brain and breast cancers and of 
the lymphatic and hematopoietic malignancies 
among exposed females. Only one death due to 
brain cancer of an unspecified nature was identified 
in the exposed group, while two were found in the 
nonexposed group. None of the differences was 
statistically significant. 


DISCUSSION 


Irradiation of the head for the treatment of tinea 
capitis has been associated with an excess risk for 
leukemia''?? consistent with findings after exposure 
to larger proportions of body marrow, such as fol- 
lowing radiotherapy of the spine for ankylosing 
spondylitis in adults and of the chest in children." 
Also, excess risk for tumors of the CNS has been 
found in children treated for tinea capitis,'''? and 
for meningiomas among subjects frequently exposed 
to full-mouth dental x-ray series.'^ The risks for 
leukemia and CNS cancer found in these studies 
were associated with exposures of about 30 and 150 
cGy to the respective target organs. The risks were 
generally 2- to 3.5-fold greater than expected, al- 
though in the study of Ron et al’? the excess for leu- 
kemia reached only marginal levels of statistical 
significance. 


During nasopharyngeal radium therapy, adja- 
cent tissues receive very high exposures to beta and 
gamma radiation. Tissues more distant than 1 cm 
from the source are only exposed to gamma radia- 
tion, which falls off rapidly inversely with the 
square of the distance (Table 4).'5 


Two prior studies of subjects treated by radium 
applicators for head and neck conditions have been 
carried out. Hazen et al$ followed up, for an aver- 
age of 14.6 years, 417 children treated with a 25-mg 
radium applicator (usual dosage per treatment, 300 
to 600 mg/min) and compared the subsequent oc- 
currence of cancer to that of 2,746 siblings. Only 
two malignant and five benign neoplasms were 
identified in the exposed group, compared to ten 


TABLE 4. RADIATION METHODS AND DOSES TO DIFFERENT ANATOMIC SITES 
FOR EACH OF FIVE PARTICIPATING CLINICS 





Treatment Parameters 


No. of 
Clinic Patients mg Ra Time (min)* Sessions 
1 1,172 25 28- 60 4 
2 328 50 36- 72 3 
3 734 25 40- 80 4 
4 140 10 60-240 1-4 
5 136 25 26- 52 3 


Ra — radium. 
*Total exposure time, age-dependent. 


Estimated Radiation Dose (cGy) 


Thyroid Parotid Hypophysis Adjacent Tissue 
2-3 6- 8 12-14 4,480- 9,600 
5-7 14-19 29-36 11,520-23,040 
3-4 8-11 16-20 6,400-12,800 
2-3 4-13 11-18 3,555-14,220 
2-3 5- 7 10-13 4,160- 8,320 
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TABLE 5. NUMBER OF DEATHS, CUMULATIVE MORTALITY RATE 
R 10,000 PERSON-YEARS, 1945-1985) FOR EXPOSED AND NONEXPOSED SUBJECTS 
AND LATIVE RISKS AND CONFIDENCE INTERVALS ASSOCIATED WITH EXPOS BY SEX 
Male Female Total 
Non- Non- Non- 
Cause of Exposed exposed Exposed exposed Exposed exposed 
Death n Rate n Rate RR 95%CI n Rate n Rate RR 95 % CI n Rate n Rate RR 95 % CI 
Total 
(all causes) 56 15.4 44 13.1 1.18 (.77-1:80) 17 63 21 83 0.75 (.37-1.52) 73 11.5 65 11.0 1.04 (.73-1.51) 
Cancer 15 41 5 15 2.78 (.96-8.36) 6 2.2 10 40 0.58 (17-169) 21 33 15 25 1.30 (642.71) 
Cardio- 
vascular 12 3.3 15 4.5 0.74 (.32-1.72) 4 15 3 1.2 1.24 (,22-8.38) l8 2.5 18 3.1 0.82 (.19-1.72) 
Accidents/ 
suicide 17 47 15 45 105 (49-2.21) 3 11 2 08 140 (1617.7 2 3.2 17 2.9 1.08 (.55-2,22) 
Other 9 25 7 2. 1.19 (40.370) 4 15 6 24 0.62 (.13-2.00 13 20 13 2.2 0.93  (.40-2.17) 
Unknown 3 0.8 2 06 139 (1617.62) 0 — O0 — . V 8 3 05 2 0.3 1.39 (.18-17.0) 
No. in group 1,448 1,257 1,002 942 2,510 2,199 
Person-years 36,387 33,680 27,048 25,202 63,435 58,882 


n — number of deaths, RR — relative risks, 9596 CI — confidence intervals. 


“Impossible value (not defined). 


and 23, respectively, in the siblings. No excess risk 
was found in this small study group. 


More recently, Sandler et al" followed up, for 18 
to 35 years, 904 persons treated with a 50-mg radi- 
um applicator (usual dosage, 4,208 mg/min) and 
compared the subsequent cancer occurrence to that 
of 2,021 nonexposed persons. Three brain tumors 
and an anaplastic cancer of the soft palate were 
identified in the exposed group, while no cancers of 
the head and neck were found in the nonexposed 
group (p« .05).. No other excesses in cancer risk were 
found. 


The present study was similar in design to that of 
Sandler et al. The study group was, however, con- 
siderably larger (2,510 exposed, 2,199 nonexposed), 
and the average dosage lower (average, 1,198 
mg/min). In the Netherlands, unilateral treatment 
had been the standard, whereas bilateral treatment 
had been used on subjects studied by Sandler et al.'* 


We calculated, for each exposed person in the 
study group, the probability of being alive at the 


end of the'study period, using age-, sex-, and peri- 
od-specific death rates for the Netherlands." The 
expected number of deaths was very close to the 
number of 56 male and 17 female deceased subjects 
identifled among the exposed in this study. The 
overall death rate in the study group is comparable 
to the death rate in the Dutch population as a 
whole. 


In the present study no overall significant excesses 
were found for cancer mortality. When examined 
by sex, there were no notable differences in mor- 
tality between exposed and nonexposed subjects due 
to all causes or due to noncancer causes of death. 
For cancer, a marginal (p= .07) excess was noted 
for lymphatic and hematopoietic malignancies, in 
males only. The small numbers, the inconsistency 
over the sex groups, and the observation that the 
latency period (Table 7) is much longer than that 
often observed for radiation-associated malignan- 
cies of the lymphatic and hematopoietic system are 
not supportive of a causal association. We found no 
evidence for an excess of brain cancer in this group. 


TABLE 6. NUMBER OF CANCER DEATHS, CUMULATIVE CANCER MORTALITY RATE 














R 10,000 PERSON-YEARS, 1045-1885) FOR EXPOSED AND NONEXPOSED SUBJECTS, 
AND RELATIVE RISKS AND CONFIDENCE INTERVALS ASSOCIATED WITH EXPO BY SEX 
Male Female Total 
Non- Non- Non- 
Cancer Exposed exposed Exposed exposed | Exposed exposed 
Site n Hate n Hate RR 95 % CI n Rate n Rate RR 95 %CI n Rate n Rate RR 95 & CI 
Total | 
(all sites) 15 41 5 LE 2.78 (.96-0.30 6 2.2 10 4.0 0.56 (.17-1.69) 21 3.3 15 2.5 1.30 (.64-2.71) 
Brain 103 0 — "8 . 0 — 208 0 (04.98) 1 0.2 2 0.3 0.46 (.01-8.73) 
Head and 
neck = c. ues 25 . 0 — 0— * * D — 0 — 3 . 
L/H 4 11 0 = * (6l-*) 1 04 2 08 0.47 (018.7 5 08 2 0.3 2.32 (.38-23.5) 
Breast 0— 0- * . 0 — 208 0 (049 0 — 203 0 (04.94) 
Other” 10 2.7 5 Lë 1.86 (587.9) 5 18 4 16 1.16 (955.7) 15 24 9 Lë 1.55 (634.09) 
No. in group 1,448 1,257 1,062 942 ' 2,510 2,199 
Person-years 36,387 33,680 27,048 25,209 63,435 — 58,882 


n — number of cancer deaths, RR — relative risks, 9596 CI — corifidence intervals, LJH — lymphatic and hematopoletic system. 
*Impossible value (not defined or infinitely high). 
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TABLE 7. INDIVIDUAL DATA OF DEATHS DUE TO TUMORS OF LYMPHATIC AND HEMATOPOIETIC SYSTEM 
AND BRAIN FOR RADIUM-EXPOSED AND NONEXPOSED PERSONS, BY SEX 
m e E NN CR —ÁMÁ—— M ÀÁÁ———— Á——————————M——— 


Tumor Year of Dose Year of Year g 
Sex Group Site ICD8* Diagnosis Birth (cGy) I/C Dea 
Male Exposed L/H 202.8 Malignant lymphoma 1953 700 1983 1980 
205.1 Chronic myeloid leukemia 1934 1,500 1858 1976 
205.0 Acute myeloid leukemia 1947 750 1953 1977 
202.1 Mycosis fungoides 1917 1,200 1954 1963 
Brain 239.6 Nonspecified brain tumor 1913 1,500 1962 1971 
Nonexposed L/H 
Brain 
Female Exposed L/H 205.1 Chronic myeloid leukemia 1943 1,500 1855 1983 
Brain 
Nonexposed L/H 205.0 Acute myeloid leukemia 1947 1951 1978 
206.0 Acute monocytic leukemia 1915 1962 1980 
Brain 191.6 Malignant tumor of cerebellum 1958 1959 1982 
191.9 Malignant brain tumor 1950 1953 1981 


UC — irradiation or first contact, L/H — lymphatic and hematopoietic system. 
*International Classification of Diseases, 9th revision, clinical modification, 1978 Commission on Professional and Hospital Activities. 


The observation of some excess in cancer for ex- 
posed males, and some deficit for exposed females, 
does not lead to a ready interpretation. We are con- 
tinuing our follow-up efforts to ascertain cases of 
patients who have not died, which may clarify our 
results. 


We found no deaths due to breast cancer in the 
exposed group, and: two cases in the nonexposed 
group. Hazen et al$ found no cases in their exposed 
series, and three in the siblings, while Sandler et al’ 
found no cases in the exposed group and five in the 
siblings. Sandler et al’ pointed out the possibility of 
decreased incidence of breast cancer in their series 





being related to alterations in pituitary function 
due to nasopharyngeal radium treatments. Our 
findings are consistent with that suggestion. 


In summary, the present study has found no ex- 
cess of cancer mortality at any site associated with 
radium exposure by the Crowe and Baylor! ther- 
rapy. Specifically, the finding of Sandler et al’ of an 
excess of head and neck cancer was not found in this 
study group. That average exposures were lower in 
the Netherlands may have contributed to this find- 
ing. Also, the small number of cases, even in our 
relatively large study group, makes precise com- 
parisons between studies difficult. 
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THIRD INTERNATIONAL SYMPOSIUM AND WORKSHOPS 
ON SURGERY OF THE INNER EAR 


The Third International Symposium and Workshops on Surgery of the Inner Ear will be held July 29-August 4, 1990, in Snowmass- 
Aspen, Colorado. For further information, contact Maurine Taylor, c/o I. Kaufman Arenberg, MD, 300 East Hampden Avenue, Suite 
401, Englewood, CO 80110. 
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THE FIRST INTERNATIONAL LARYNGOTRACHEAL RECONSTRUCTION SYMPOSIUM 


The Cleveland Clinic Foundation is sponsoring a continuing education program entitled The First International Laryngotracheal 
Reconstruction Symposium, to be held August 24-27, 1991, at Stouffer Tower City Plaza Hotel in Cleveland. For further information, con- 
tact The Cleveland Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Avenue, TT31, Cleveland, OH 
44195-5241; 444-5696 (local), (800) 762-8172 (Ohio), (800) 762-8173 (outside Ohio). 
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ADENOID CYSTIC CARCINOMA OF THE PAROTID GLAND: 
A REVIEW OF SURGICAL MANAGEMENT WITH REFERENCE 
TO THE FACIAL NERVE 


GREGORY S. WEINSTEIN, MD 
Iowa City, Iowa 


JOHN J. CONLEY, MD 
NEW Yorx, NEW YORK 


The purpose of this study was to review a large series of patients with adenoid cystic carcinoma of the parotid gland in order to 
develop clinical criteria for sacrifice versus selective sparing of the seventh nerve. We studied 43 patients followed over 36 years. Study pa- 
tients were grouped according to the preoperative status and intraoperative management of the facial nerve. Criteria for choosing various 

ussed. 


management strategies are disc 


KEY WORDS — adenoid cystic carcinoma, facial nerve, parotid gland. 


INTRODUCTION 


The malignancy of adenoid cystic carcinoma is 
recognized widely today, but was questioned as re- 
cently as 20 years ago.! The earliest treatment con- 
sisted of local excision. As the course of this lesion 
became better understood, it seemed likely that 
more extensive surgery might improve the chances 
of survival. The proximity of the tumor to the facial 
nerve, the propensity for perineural invasion, and 
the poor prognosis associated with nerve involve- 
ment make decisions regarding the surgical man- 
agement of the facial nerve of central importance. 
A review of the literature in 1977 reported strong 
opinions both for and against sacrifice of the facial 
nerve. These studies, however, were anecdotal. 
Larger populations studied over longer periods sup- 
port sparing the facial nerve in carefully selected 
cases.™* Dur review of 43 cases treated over 36 years 
focuses 5n the conditions under which the facial 
nerve may be preserved relatively safely in surgical 
therapy of adenoid cystic carcinoma of the parotid 
gland. 


MATERIALS AND METHODS 


Forty-three patients with adenoid cystic carci- 
noma oi the parotid gland treated by the senior 
author (J.J.C.) between 1949 and 1984 were stud- 
ied. Five-year follow-up data were available for 36 
patients. About half the patients (52%) underwent 
completion surgical extirpation shortly after receiv- 
ing preliminary surgical therapy elsewhere. 


This study assessed management of adenoid cystic 
carcinoma of the parotid gland with special refer- 
ence to -he facial nerve. Operative planning in this 
serles dictated facial nerve sacrifice if any preopera- 
tive dyscunction was present. 


From fhe 


A life table of the outcome of the total population 
was constructed for 36 patients with a minimum of 
5 years follow-up after initial therapy.* Patients 
lost to follow-up or who died of other causes were 
included as survivors at the time they were last ob- 
served. 


RESULTS 


Study patients were grouped according to the 
preoperative status and intraoperative management 
of the facial nerve (Table 1). The nerve was pre- 
served in almost one third (11 of 35) of the patients 
with a normally functioning seventh nerve prior to 
tumor removal. Among these 11 patients (group 1, 
Table 2), four had total parotidectomies with facial 
nerve dissection, and in no case was the tumor ad- 
herent to the nerve. One had a lateral lobectomy, 
two had excision of the tumor elsewhere without 
further therapy, and one patient had multiple local 
excisions and radiotherapy. Three patients had 
radical excision of recurrences. Less than 40% of 
the patients (four) in group 1 received postoperative 
radiation therapy, and among the seven patients 
alive without disease, one patient received radio- 
therapy (Table 2). Mortality varied widely in this 
group. Three of 11 patients died of disease after 
follow-up periods ranging from 1 to 29 years, seven 
were alive without disease 1 to 24 years postopera- 
tively, and one was alive with disease 1 month post- 
operatively. 


TABLE 1. MANAGEMENT OF FACIAL NERVE (N = 43) 


Function of Nerve Disposition 
Preoperatively of Nerve 
Group 1 (n= 11) Normal Intact 
Group 2 (n = 24) Normal Partially or totally 
removed 
Group 3 (n= 8) Dysfunction Removed 
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TABLE 2. OUTCOME OF TREATMENT (N = 43) 
Patients With Patients Without 


Disease Disease 
Alive Dead Alive Dead 
Group 1 (n= 11) l 3 7 
Group 2 (n= 24) 4 5 14 l 
Group 3 (n= 8) 3 4 l 


Group 2 comprised 24 patients who had resection 
of the nerve without clinical evidence of facial 
nerve involvement. Intraoperative findings necessi- 
tated surgical radicality in this group. Eleven pa- 
tients had the most radical operation that could rea- 
sonably be attempted for cure. This included radi- 
cal parotidectomy, facial nerve resection, and ex- 
tensive resection of the surrounding tissue. Five pa- 
tients had postoperative radiotherapy, two for 
cancer involving the facial nerve in the temporal 
bone. Six of these patients had facial nerve reha- 
bilitation at the time of resection. Ten patients in 
group 2 underwent a lesser procedure that included 
radical parotidectomy, resection of the facial nerve, 
and upper neck dissection. Two of these patients 
received postoperative radiotherapy. The remain- 
ing three patients in group 2 had total or lateral 
lobectomy with sacrifice of the facial nerve. The 
upper division of the nerve was preserved in one pa- 
tient; the two others had facial nerve rehabilitation. 
Five of 24 patients in this group died of their disease 
from 3 to 13 years, and 13 had no evidence of dis- 
ease from 1 to 30 years. 


In group 3, clinical involvement of the facial 
nerve by the cancer was evident preoperatively. 
Four patients had extremely radical excisions, and 
four had total parotidectomy, facial nerve resec- 
tion, and upper neck dissection. All of the former 
and half of the latter had postoperative radiother- 


apy. 


Determinate survival rates from the time of the 
initial therapy of 36 patients with a minimum of 5 
years’ follow-up were 83% at 5 years and 53% at 20 
years (see Figure). 


DISCUSSION 


Dysfunction of the facial nerve is found com- 
monly among patients with adenoid cystic carci- 
noma of the parotid gland. In this series, 18% of 
patients had evidence of facial nerve involvement 
by cancer prior to definitive therapy; this finding is 
similar to the experience of others. ("7 Batsakis' 
stated that tumor growth within the perineurium 
occurs in all adenoid cystic carcinomas larger than 1 
cm. Ballantyne et al’ have pointed out that in gen- 
eral, malignancies may involve the nerve without 
dysfunction. Four patients in this series had gross 
involvement of the seventh nerve without preopera- 
tive paresis. 


Involvement of the seventh nerve by parotid can- 
cers, in general, has been an indicator of a poor 
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Life-table for patients with adenoid cystic carcinoma of 
parotid gland. Numbers of patients in study alive and 
under observation at entry and at 5, 10, 15, and 20 years 
were 36, 32, 16, 6, and 5, respectively. 


prognosis.5? Spiro et al* reported that among 35 pa- 
tients with adenoid cystic carcinoma of the parotid 
glands, treatment failed when tumor-related facial 
nerve dysfunction was evident initially. Among the 
patients in our series with preoperative facial nerve 
dysfunction, the 5-year survival of 55% fell to 22 % 
at 10 years, with one patient living 12 years post- 
operatively without evidence of disease. Surgical 
radicality followed by postoperative radiotherapy 
appears to have resulted in improved survival in this 


group. 


Among 47 cases of adenoid cystic carcinoma of 
the parotid gland analyzed by Seaver and Kuehn,’ 
lateral lobectomy was performed, except when ob- 
vious cancer invasion necessitated total parotidec- 
tomy and sacrifice of the facial nerve. Three pa- 
tients received radiotherapy alone. The determi- 
nate cure rate at 15 years was 21.4%. Spiro et al? 
managed 35 patients with adenoid cystic carcinoma 
of the parotid gland surgically. Lateral lobectomy 
with facial nerve dissection was performed when 
the cancer was localized to the lateral portion of the 
gland. The seventh nerve was sacrificed in five pa- 
tients with subtotal and eight patients with total 
parotidectomy. Among 28 patients eligible for 
analysis, 29% were considered cured at 10 years. 
Differences in statistical methods preclude compari- 
son of survival in our series to those cases mentioned 
above. Our results, however, support the concept of 
selectively sparing the facial nerve (Table 2). 


The principles of management of adenoid cystic 
carcinoma in this series include the following. 


1. When the facial nerve is not clinically involved 
and is found to be free of tumor intraoperative- 
ly, it is considered relatively safe to spare the 
nerve. (Lateral lobe or total parotidectomy was 
performed in these cases.) 

2. When the facial nerve is not clinically involved, 
it is sacrificed when en bloc excision including 
the nerve is necessary to remove the tumor; gross 
pathologic changes in the nerve, such as thick- 
ening or a knobby appearance, are noted intra- 
operatively; or tumor is adherent to the nerve. 
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(Three distinct operations were performed on 
these patients: radical parotidectomy and exten- 
sive resection of the surrounding tissue, variously 
including partial mandibulectomy, infratem- 
poral space resection, mastoidectomy, partial 
palate resection, temporal bone resection, and, 
when appropriate, radical neck dissection; radi- 
cal parotidectomy, facial nerve resection, and 
upper neck dissection; and superficial or total 
parotidectomy with sacrifice of the facial nerve.) 

3. When the facial nerve is clinically involved with 
cancer, it is resected. 

4. Total parotidectomy with or without facial 
nerve resection and upper neck dissection is used 
when the operation is done for cure and there is 
a reasonable cuff of tissue around the cancer, or 
if the operation is palliative. In such cases in this 
series, physiology and aesthetics were considered 
vis-a-vis local control of the disease. Old and 
young patients who were better able to deal with 
a protracted clinical course of local recurrences 
and metastases were offered this alternative to 
ablative surgery. 

9. Facial nerve rehabilitation by nerve grafting, 
muscle transfer, nerve crossover, or static sys- 
tems is done whenever anatomically possible at 
the time of nerve resection. 





6. Established criteria for the use of radiotherapy 
in cancer of the parotid are followed. Among the 
indications'? are high-grade cancers; recurrent 
cancers; deep lobe cancers; gross or microscopic 
residual disease; tumor adjacent to the facial 
nerve; regional neck metastases; invasion of 
muscle, bone, skin, nerves, or any extraparotid 
extension; and any T3 parotid cancers. 


CONCLUSIONS 


This review of 43 cases of adenoid cystic carci- 
noma of the parotid gland focused on the manage- 
ment of the facial nerve in surgically treated pa- 
tients. Findings underscore that there is no single 
management of adenoid cystic carcinoma of the 
parotid gland. The literature and indeed this study 
include a variety of plans of treatment for high-risk 
patients. The philosophy of treatment reflected in 
this study focuses on an operation with the aim of 
removing all gross cancer, selective sparing of the 
facial nerve, the immediate rehabilitation of the fa- 
cial nerve when this is realistic, and the use of post- 
operative radiotherapy when indicated. The data 
derived from this analysis of these cases give strong 
support to this concept of management, in the inci- 
dence of cure and long-term survivability with good 
quality of life. 
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OSTEOMYELITIS OF THE FRONTAL BONE 
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Osteomyelitis of the frontal bone and its complications remain a diagnostic and therapeutic challenge to the head and neck surgeon. 
This paper will deal with the etiology, pathogenesis, diagnosis, and treatment of osteomyelitis of the frontal bone, and its complications 
and sequelae. Special emphasis is placed on techniques for repair of forehead defects. 


KEY WORDS — forehead, frontal bone, osteomyelitis, sinusitis. 


ETIOLOGY 


Osteomyelitis of the frontal bone may occur with 
the first episode of frontal sinusitis or during an 
acute sinus infection superimposed on chronic fron- 
tal sinus disease. It has long been recognized that 
many of these patients suffer from allergic sinusitis. 
External trauma to the forehead, especially in 
young patients during sports, at the time of a bac- 
terial sinusitis can precipitate acute osteomyelitis of 
the frontal bone. Swimming, and especially diving, 
with an acute bacterial sinusitis can precipitate 
acute frontal sinusitis that progresses to osteo- 
myelitis. 


A variety of bacteria can be found associated 
with osteomyelitis of the frontal bone. The most 
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common are Staphylococcus aureus and Streptococ- 
cus hemolyticus. In our experience, Staphylococcus 
epidermidis (albus) is often associated with the 
more chronic, slow, and insidious form of osteo- 
myelitis of the frontal bone. 


PATHOGENESIS 


The veins of the mucous membrane of the frontal 
sinus communicate with the diploé of the outer and 
inner tables of the frontal sinus. It is quite probable 
that at least a degree of osteitis is associated with 
most cases of frontal sinusitis. 


Inner Table. Osteomyelitis of the inner table of 
the frontal sinus spreads or extends to cause menin- 
gitis or to form an epidural, subdural, or brain ab- 
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Fig 1. Sketch illustrating pathogenesis 
of osteomyelitis of frontal bone and 
extension of disease beyond sinus 


Epldural abscess walls 
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Fig 2. Radiographs. A,B) Small defect (arrow) in frontal 
bone resulting from periosteal abscess and subsequent sino- 
cutaneous fistula. This defect will leave depression. A) An- 
teroposterior view. B) Lateral view. C,D) Larger defect 
(arrow) in anterior wall of frontal sinus resulting from os- 
teomyelitis and sequestrum of anterior wall of frontal sinus 
that can be repaired with silicone implant or methyl meth- 
acrylate. C) Anteroposterior view. D) Lateral view. E) 
More extensive osteomyelitis with skip areas (arrows). If 
allowed to progress, these can result in loss of much of 
frontal bone. 
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scess (Fig 1). In a chronic process there may be no 
signs or symptoms of meningitis because of arach- 
noid adhesions. 


Outer Table. Basically, there are two types of 
osteomyelitis of the outer table. The localized type 
of osteomyelitis (Fig 2A,B) of the anterior wall can 
progress to periosteal abscess and a sinocutaneous 
fistula. A sequestrum of the anterior wall may occur 
that will result in a larger defect (Fig 2C,D). 


The spreading type of osteomyelitis of the outer 
table of the frontal bone results from a thrombo- 
phlebitis of the diploic veins. Usually a larger area 
of the front wall of the frontal sinus is involved. 
There may be skip areas and multiple sites of osteo- 
myelitis (Fig 2E). 


DIAGNOSIS 
Outer Table. Acute osteomyelitis of the outer 


Fig 3. Rather typical picture of 
patient with Pott’s puffy tumor 
with pitting edema and edema of 
eyelids. A) Lateral view. B) Fron- 
tal view. 


table of the frontal sinus is accompanied by pain 
and tenderness of the forehead. There is most often 
swelling of the soft tissues of the forehead. This 
swelling is pitting edema (Pott’s puffy tumor) and is 
the result of periostitis (Fig 3). Edema of the upper 
eyelid(s) is most often present. 


Chronic osteomyelitis of the outer table of the 
frontal sinus also can cause pain and tenderness. 
This tenderness is more likely to be localized. A 
sinocutaneous fistula of the forehead is not uncom- 
mon. A sino-orbital fistula results from extension of 
disease from the frontal sinus through the roof of 
the orbit. This may progress to an abscess of the up- 
per lid and a chronic fistula is this area. 


Routine radiography, polytomography, and 
computed tomography are essential for the proper 
evaluation of osteomyelitis of the frontal bone. In 
any given active case of osteomyelitis, the extent of 





Fig 4. Three patients with almost identical defects resulting from sinocutaneous fistulas. Possibly these defects could have been 
avoided if, at time of osteoplastic adipose tissue obliteration operation, sinus had been slightly overobliterated with adipose tissue 
and defect had been covered with periosteal flap. A) Case 1. B) Case 2. C) Case 3. 
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the abnormal radiographic findings may lag 1 to 2 
weeks behind the clinical progress of the disease. 
Therefore, the estimation of the severity of each 
case and the required magnitude of appropriate 
treatment should be based primarily upon clinical 
judgment. 


Technetium and gallium scanning of the head are 
used to confirm the diagnosis of osteomyelitis of the 
frontal bone. These tests demonstrate the extent of 
the disease and the response to antibiotic therapy, 
and are used as a guide to the needed duration of 
antibiotic therapy. 


Inner Table. Involvement of the inner table can 
be suspected only when there is a complication such 
as meningitis or an epidural, subdural, or frontal 
lobe abscess. A lumbar puncture and study of the 
spinal fluid can be diagnostic. A CT scan usually is 
sufficient for proper diagnosis. Magnetic resonance 
imaging is very useful for the diagnosis of intracra- 
nial extension of disease. 


TREATMENT 


Acute osteomyelitis of the frontal bone is best 


Fig 5. Patient who had osteoplastic frontal sinus operation. A) Forehead 
defect following operation. B) Silicone prosthesis formation prior to inser- 
tion. C) Postoperative cosmetic result. 


treated by performing a trephination through the 
medial aspect of the floor of the frontal sinus. This 
provides drainage and also allows the surgeon to ob- 
tain material for culture and sensitivity tests. Intra- 
venous antibiotics are used as indicated by the re- 
port from the bacteriology laboratory. Both CT 
scanning of the frontal sinus and technetium and 
gallium scanning of the head are extremely useful as 
a guide for the duration of antibiotic therapy. The 
duration of antibiotic therapy is usually about 6 
weeks. 


Intracranial extensions of the disease are best 
treated in conjunction with a neurosurgeon using 
the frontal craniotomy approach. It is our prefer- 
ence to treat the frontal sinus disease several weeks 
following completion of therapy for the intracranial 
extension. The frontal sinuses are obliterated with 
adipose tissue by use of the osteoplastic flap tech- 
nique. 


Subacute and chronic osteomyelitis of the frontal 
sinus are treated with 2 weeks of intravenous anti- 
biotic therapy prior to an osteoplastic adipose tissue 
obliteration operation. The intravenous antibiotics 
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are continued 4 to 6 weeks following this operation. 
Often it is advisable to continue oral antibiotics for 
an additional 4 weeks after completion of intrave- 
nous therapy. 


TREATMENT OF DEFECTS OF FRONTAL BONE 
RESULTING FROM OSTEOMYELITIS 


Small defects from localized osteomyelitis of the 
anterior wall of the frontal sinus can be treated pri- 
marily at the time of the osteoplastic adipose tissue 
obliteration operation. The diseased bone is re- 
sected until healthy bone is encountered. The osteo- 


Fig 6. Repair of defect. A) Patient 
who lost large portion of front face 
of left frontal sinus and also left 
supraorbital rim. B) Simulated de- 
fect similar to that of patient in A. 
Osteomyelitic bone has been re- 
moved, and communication to 
nasal cavities has been obliterated 
with adipose tissue. Orbital rim is 
for most part absent. Defect on this 
skull includes anterior wall of fron- 
tal sinus and supraorbital rim as 
shown. Nasofrontal communication 
has been obliterated. C) Cranioplas- 
ty kit (Codman). Components of kit 
have been mixed in bowl, and 
methyl methacrylate allowed to be- 
come semisolid. At this point it is 
applied to defect and sculptured so 
that it slightly overcorrects defect. It 
then is removed and allowed to 
cool. D) Once methyl methacrylate 
has cooled, it is reapplied to defect 
and contoured with rotating cutting 
bur. E) Drill holes have been made 
in both implant and surrounding 
bone so that implant can be secured 
in place with stainless steel wires. F) 
Patient in A following reconstruc- 
tion of left forehead and supraor- 
bital rim. 


plastic frontal sinus operation is completed with 
sufficient adipose tissue so that it bulges through the 
defect in the anterior wall of the frontal sinus. 
Finally, a periosteal (pericranial) flap is rotated and 
sutured over the defect and fat. 


Small defects that persist after completion of 
therapy should not be disturbed for a few months 
(Fig 4A,B). There are many ways to repair these de- 
fects. A Teflon injection is effective. A small silicone 
implant can be fashioned to the size and shape of 
the defect and inserted through a small tunnel by 
way of a horizontal forehead skin incision. 
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To create a silicone implant, an impression is 
made of the forehead with room temperature vulca- 
nizing silicone or moulage. A positive mold then is 
made from this impression. Finally, medical grade 
silicone is used to fashion the implant. The implant 
and mold then are placed in an oven to be vulcan- 
ized at 177°C for half an hour. After the vulcaniz- 
ing process, the implant is removed from the mold 
and cured for an additional 2 hours at 177°C. It is 
sterilized in the autoclave prior to surgery. Figure 
9B shows such an implant about to be inserted by 
way of a small horizontal incision. Figure 5A,C 
shows the preoperative and postoperative photo- 
graphs of a patient who was treated with this tech- 
nique. If one does not have the time or skill to make 
this implant, a prosthodontist can make it readily. 


Major defects of the frontal bone (Fig 6A) with or 
without involvement of the orbital rim or floor of 
the frontal sinus are best treated in two stages. The 
osteomyelitic bone is debrided, and the remainder 
of the frontal sinus complex is obliterated with adi- 
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pose tissue so that there is no communication with 
the nasal cavity (Fig 6B). Then, in 2 to 3 months, 
the defect is repaired. 


A defect in the frontal bone that included the 
supraorbital rim and frontal sinus, similar to that in 
the patient in Fig 6A, is shown in the skull specimen 
in Fig 6B. The frontal sinus first is prepared and 
obliterated with adipose tissue. The cranioplasty kit 
(Codman) is shown in Fig 6C. The liquid is added 
to the powder, which has been placed in a stainless 
steel bowl. This is agitated with a tongue blade un- 
til it becomes a semisolid. The instructions advise 
that the soft methyl methacrylate be placed be- 
tween two sheets of plastic, rolled out with a glass 
ampoule, and placed over the frontal defect. The 
methyl methacrylate can be contoured when in 
place or after it has been removed (Fig 6D). Drill 
holes are made in both the skull and the methyl 
methacrylate so that the implant can be wired in 
place. It is best to tuck the ends of the wire in the 
drill holes (Fig 6E). A patient is shown who under- 
went the above repair (Fig 6F). 


SIXTH WORLD CONGRESS IN ULTRASOUND 


The Sixth World Congress in Ultrasound will be held September 1-6, 1991, in Copenhagen. For further information, contact Spadille 
Congress Service ApS, Sommervej 3, DK-3100 Hornbaek, Denmark: telephone 45 2 202496, telefax 45 2 200160. 
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RECENT ADVANCES IN OTITIS MEDIA 


The Fifth International Symposium on Recent Advances in Otitis Media will be held May 20-23, 1991, at the Sheraton Bal Harbour in 
Bal Harbour, Florida. For further information, contact David J. Lim, MD, 4331 University Hospitals Clinic, 456 W Tenth Avenue, Col- 
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AGE-RELATED MORPHOLOGIC DIFFERENCES IN THE 
COMPONENTS OF THE EUSTACHIAN TUBE/MIDDLE EAR SYSTEM 


DEBORAH SADLER-KIMES, PHD 


MICHAEL I. SIEGEL, PHD 


JOHN S. TODHUNTER, PHD 


PITTSBURGH, PENNSYLVANIA 


The current study utilized a three-dimensional computer graphics technique to analyze the size, shape, and positional associations of 
the eustachian tube (ET) cartilage and lumen, the levator veli palatini (LVP) muscle, and the tensor veli palatini (TVP) muscle. Older 
specimens 7 years and above (n = 13) were compared to young specimens less than 7 years (n= 4). Our results suggest that changes in ET 
function associated with age could result from size and shape differences in the ET cartilage and changes in the position of the LVP and 


TVP muscles. 


KEY WORDS — eustachian tube cartilage, eustachian tube lumen, levator veli palatini muscle, ontogenesis, tensor veli palatini 


muscle. 


INTRODUCTION 


Since the early 1970s, researchers have suspected 
that otitis media with effusion (OME) was the result 
of functional eustachian tube (ET) obstruction.'? 
Recently, several experimental studies have demon- 
strated that functional ET obstruction and OME 
were associated with compromised efficiency in one 
of the ET system structures (ie, tensor veli palatini 
[TVP] muscle).? 5 The conclusions of these experi- 
mental investigations have posited a primary role of 
underlying morphologic deficiencies in OME causa- 
tion. Several clinical investigations, moreover, have 
revealed that both the incidence of OME and tubal 
functioning efficiency undergo ontogenetic changes, 
and morphologic variations in the ET system's com- 
ponents may be implicated.'?* It has not been the 
purpose of these studies, however, to analyze the 
ontogenetic morphologic changes that exist in the 
ET system structures as a means of modeling and in- 
vestigating the functional ET obstruction/disease 
pathway. 


Several studies have utilized an animal model to 
produce functional impairment of the ET system's 
TVP muscle and have supported the "functional 
eustachian tube obstruction" hypothesis.?? The re- 
sultant deficiencies in ET function included an in- 
ability to equilibrate applied positive and negative 
pressures and tubal lumen constriction during swal- 
lowing leading to or during bouts of OME.?* 
Casselbrant et al* observed that following tempo- 
rary paralysis of the TVP muscle, rhesus monkeys 
developed the symptoms of OME within 8 to 30 
days. Normal middle ear ventilatory function re- 
turned after the return of TVP muscle function. 
Similarly, Doyle et al? demonstrated that rhesus 
monkeys exhibited these symptoms after operatively 
induced clefting of the palate produced a perma- 


nently dysfunctional TVP muscle. Clinical investi- 
gations of cleft palate and Down syndrome chil- 
dren, two groups exhibiting high incidences of 
OME, revealed that several of these same functional 
obstruction symptoms were present."* Concomi- 
tantly, these groups exhibited morphologically de- 
formed craniobasal regions and, by inference, a 
dysmorphic relationship among the ET system com- 
ponents. Such studies provided supporting evidence 
that the morphology of the ET system was signifi- 
cantly associated with the occurrence of OME "771 


The pathologic consequences of functional ET 
system obstruction decrease with age — a fact that 
is indicative of functional changes resulting from 
ontogenetic morphologic variations. Bluestone,’ 
Casselbrant et al,5 and Holborow? noted that a re- 
duction in the prevalence of childhood OME oc- 
curred after 7 years of age. This finding was so ap- 
parent that otitis media has been termed a disease of 
infants and young children 1: Further, Bluestone 
and Klein" noted that healthy children had a 
higher frequency of poor muscular opening func- 
tion of the ET than healthy adults, and Bylander et 
al'? observed that muscular opening function im- 
proved with aging in a sample of healthy children. 
In spite of the observations from these functional 
studies, age-related morphologic changes in the 
size, shape, and spatial relations of the ET system 
structures have remained beyond the investigative 
protocols of many middle ear studies. Civen the 
correlation of OME and tubal functioning differ- 
ences with age, however, any ontogenetic morpho- 
logic changes potentially are of primary importance 
in understanding the structural foundations of OME. 


The purpose of this study was to quantify normal 
age-related changes in the size, shape, and spatial 
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Fig 1. Eustachian tube cartilage 

(CART), lumen (LU), tensor veli 

palatini (TVP) muscle, and leva- 

tor veli palatini (LVP) muscle. A) 

Boundary tracing of structures in \ 
their original spatial relationships. LU 
B) Three-dimensional computer TVP — 
representation of sections of struc- 

tures. 
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relations of the ET system structures by use of a 
computer graphics reconstructive technique. This 
study established the normal morphology and posi- 
tional associations of the ET system structures and 
statistically compared young and older human 
groups. 


MATERIALS AND METHODS 


This study, focusing on the ET cartilage and 
lumen and the associated musculature, obtained ex- 
tended temporal bone specimens and separated 
them into two groups: older specimens from sub- 
jects 7 years of age and above (n= 13) and young 
specimens from subjects less than 7 years of age 
(n=4). The criterion for inclusion in the adult 
group was maturation (ie, decreased growth rate) 
of the anteroposterior length of the ET cartilage. 
The ET cartilage length exhibited a rapid growth 
rate prior to age 7, while this rate drastically de- 
creased after age 7.'*'5 By age 7, then, the ET car- 
tilage attained adult length. It was interesting to 
note that this age division corresponded to the age 
at which there was a significant reduction in the oc- 
currence of otitis media. 17 


Histologic and photographic processing and 
graphic conversion of the specimens was necessary 
before computer-generated structures could be ex- 
tracted and analyzed.'*:'* Histologic preparation of 
the extended temporal bone specimens began with 
decalcification and embedding in percentage cel- 
loidin solutions. Following sagittal microtome sec- 
tioning at 20 to 30 um, serial tenth sections were 
hematoxylin and eosin-stained and mounted on 
glass slides. Each slide was photographed with 
Kodak Pan X film and a light microscope with a 
camera attachment, beginning with the first ap- 
pearance of the tubal cartilage and ending with the 
last slide in which it was present. The negatives 
were transformed into digitized images by use of an 
Optronics 6300 rotating drum scanner that con- 
verted transmitted gray-level light intensity to an 
integer producing a digitized image of approxi- 
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mately a quarter of a million data points. Images 
were projected on a Ramtec display screen, aligned 
to correct for displacement errors, and stored on the 
disk of a PDP 11/55 computer. 


Structural extraction and reconstruction included 
the ET cartilage and lumen and portions of the le- 
vator veli palatini (LVP) and TVP muscles that oc- 
cur along the course of the ET cartilage. The extrac- 
tions were obtained by tracing the boundaries of the 
structure and maintaining them in their original 
spatial relationships (Fig 1A). Boundary files subse- 
quently were combined, and intermediate sectional 
boundaries automatically were interpolated to pro- 
duce a three-dimensional reconstructed representa- 
tion of the structures (Fig 1B). 


Several quantified measures from the computer- 
generated structures were obtained for each struc- 
ture: total volume, cross-sectional area, and x and y 
coordinates of the center of gravity (centroid) and 
of the second-level moment. The sum of the areas 
within the boundary tracings, in addition to the in- 
terpolations of the areas of the intervening sections 
that were not digitized or prepared histologically, 
was used to calculate the total volume of each struc- 
ture. The center of gravity, rather than the edge of 
the structure, was used to calculate distances, 
because it was a clearly defined point that satisfied 
the requirements of repeatability and com- 
parability within and between specimens. The x 
and y coordinates of the second-level moment were 
used to analyze the shape of the structures in the 
system. Second-level moment coordinates repre- 
sented the energy required to produce rotation 
around the center of gravity and were physically 
related to the maximum and minimum axes through 
the center of gravity, thereby representing an ob- 
ject's length and width. The ratio of these coordi- 
nates (length/width) has been called the aspect 
ratio.'*'* The aspect ratio, structural volume, cross- 
sectional area, and distances between centers of 
gravity were utilized to compare the four structures 
statistically in the adult versus the immature 
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TABLE 1. ASPECT RATIO, AREA, AND VOLUME 


MEAN + SD 
Older Young t p 
Cartilage 
Aspect ratio 3.772 1.13 2.81+40.47 2.81 <.05 
Area (cm?) 0.152 0.07 0.052 0.03 3.83  «.05 


Volume (cm?) 0.272 0.14 0.102 0.08 3.17 <.05 
Lumen 

Aspect ratio —. 20.904 13.90 — 9.302: 5.80 2.40 <.05 

Area (cm?) 0.032 0.15 0.01+0.01 3.83  «.05 

Volume (cm?) 0.042 0.03 0.032 0.01 3.22 <.05 
Levator veli palatini muscle 

Aspect ratio 3.132 1.39 7.172 8.69 0.69 NS 

Area (cm?) 0.112 0.06 0.0424 0.15 4.94 <.05 

Volume (cm?) 0.162 0.13 0.05+0.03 3.22 <.05 
Tensor veli palatini muscle 

Aspect ratio — 15.402:14.50 — 8.102 6.50 1.41 NS 

Area (cm?) 0.072 0.05 0.052 0.03 1.22 NS 

Volume (cm?) 0.082 0.07 0.062 0.04 0.67 NS 


NS — not significant. 


groups. Mean values for the aspect ratio, cross-sec- 
tional area, and distance measures were calculated 
by first finding the average value throughout the 
course of the specimen, and then using these values 
to obtain and report a group mean. Group standard 
deviations, Student's t values, and probability levels 
resulting from the statistical comparisons are re- 
ported in Tables 1 and 2. 


RESULTS 


Nondistance Structural Comparisons. The ET 
cartilage showed significant age-related variation in 
both size and shape. Mean total volume and mean 
cross-sectional area were significantly larger in the 
older group, indicating grossly larger ET cartilages 
in these specimens (Table 1). The shape of the car- 
tilage also differed between groups. The older 
group exhibited a significantly larger aspect ratio, 
suggesting a more elongate, relatively thinner struc- 
ture than that of the young group. Figure 2A indi- 
cates that this shape was maintained throughout the 
specimens with little variation. The average aspect 
ratio in the young group was smaller in value, re- 
flecting a shorter and broader ET cartilage. In Fig 
2B it can be seen that the shape of the immature 
cartilage changed throughout its length. In the 40 % 
to 80% region of the cartilage, the aspect ratio ap- 
proached 1, indicating a circular shape, while in 
the 0% to 40% and 80% to 100% areas, it more 
closely approached the older value, reflecting an 
elongate shape. 


The lumen was similarly larger in the older speci- 
mens, as evidenced by the significantly larger 
volume and cross-sectional area (Table 1). The dif- 
ference in lumen shape between the older and 
young groups reflected the results obtained for the 
ET cartilage, in that the aspect ratio of the older 
lumen was significantly larger than that of the 
young lumen, indicating a longer and thinner struc- 


TABLE 2. DISTANCE BETWEEN STRUCTURAL CENTERS 
OF GRAVITY (MEAN x SD 


Distance (um) 
Older Young t p 


ET cartilage to 


LVP muscle 6,335+ 1,135 4,28541,249 3.09 <.0l 
ET cartilage to 

TVP muscle 4,15521,044 3,2152 797 1.64 NS 
ET cartilage to 

ET lumen 1,8752 992 1,3654 375 0.98 NS 
LVP muscle to 

TVP muscle 5,750+1,384 2,5844+1,284 4.06 «.01 
LVP muscle to 

ET lumen 6,0152 925 2,89141,835 4.69 <.01 
TVP muscle to 

ET lumen 3,030+1,040 1,6032 747 2.53 <.05 


ET — eustachian tube, LVP — levator veli palatini, TVP — tensor 
veli palatini, NS — not significant. 


ture in the older group. In both the older and the 
young groups, conversely, the shape of the lumen 
remained constant throughout the specimen. 


Ontogenetic size differences in the LVP existed 
between the two groups. As seen in Table 1, mean 
total volume and mean cross-sectional area of the 
LVP muscle was significantly larger in the older 
group than in the young group. Both the older and 
young groups had low aspect ratio values, indica- 
tive of an oval LVP muscle. The shape of the LVP 
muscle did not differ between groups, nor did it 
change through the course of the specimen. 


The TVP muscle did not differ significantly be- 
tween groups in volume, cross-sectional area, or 
shape (Table 1). In both groups the aspect ratio was 
high, indicating a TVP muscle that was long and 
narrow throughout the specimen. 


Structural Distance Comparisons. There were no 
significant differences between groups in the dis- 
tance between the ET cartilage and TVP muscle or 
the ET cartilage and lumen (Table 2). 


All three measures of LVP muscle distance (LVP 
muscle to cartilage, LVP muscle to TVP muscle, 
and LVP muscle to lumen) were significantly 
greater in the older group than in the young group, 
indicating that in the older group the LVP muscle 
was more separated from the ET system than in the 
young group. 


The TVP muscle to lumen and, as noted, the TVP 
muscle to LVP muscle distance was significantly 
greater in the older group than in the young group, 
although the distance between the TVP muscle and 
the ET cartilage did not differ between groups. 


DISCUSSION 


Clinical observations of the decline in the occur- 
rence of OME at 6 to 7 years of age and results from 
previous studies demonstrating a morphologic 
growth change that occurs in the ET system at 7 
years of age were used to justify the age-group cate- 
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Fig 2. Cartilage aspect ratio plotted against percent of cartilage length. A) Older group. B) Young group. 


gories selected for this study. The decision to divide 
the sample into two groups was based primarily on 
an observed age-related change in the occurrence of 
OME. Bluestone,’ Holborow,? and Casselbrant et 
al* have noted a decrease in the susceptibility of 
OME after age 7. Bylander et al?" demonstrated 
ontogenetic functional efficiency differences in 
healthy children by reporting that the muscular 
opening function of the ET was not only poorer in 
children than in adults, but also poorer in younger 
children (3 to 5 years) than in older children (6 to 12 
years). It follows that changes in ET function and 
the presence of OME may be due, at least in part, to 
age-related morphologic changes that occur be- 
tween the <7 and 27 age groups. The separation 
of age groups was based secondarily on the growth 
of the ET cartilage.!*'5 The rate of change of carti- 
lage length (slope of regression line) approached 
zero at age 7, and subsequently, the young group 
included specimens 0 to 6 years of age, and the older 
group, specimens 7 years and above. 


The ET cartilage changed significantly in both 
size and shape from the young group to the older 
group, and this ontogenetic variation, in conjunc- 
tion with a shift in the relative position of the TVP 
muscle, is posited as a mechanism producing tubal 
function differences between groups. In the older 
group, the ET cartilage exhibited both a larger vol- 
ume and a larger cross-sectional area and was a 
structure whose aspect ratio indicated relatively 
long and thin as opposed to short and wide dimen- 
sions. The lumen, not unexpectedly, paralleled this 
pattern, in that both lumen volume and cross-sec- 
tional area were significantly larger in the adult 
group, and the shape of the adult lumen was longer 
and thinner than that of the immature group. 


There is considerable evidence that the TVP mus- 
cle is the primary active opener in ET 
function. **5-+8 While this study found no significant 
differences in the volume, cross-sectional area, or 
shape of the TVP muscle, three important distance 


measures suggested that an age-related superiorly 
oriented rotation of the TVP muscle relative to the 
other components of the ET system may occur in 
the older group. The measurement from the TVP 
muscle to the lumen, as well as from the TVP mus- 
cle to the LVP muscle, revealed an increased dis- 
tance Com the young group to the older group, 
while the TVP muscle to ET cartilage distance was 
not significantly different. This angulation of the 
TVP muscle relative to the ET cartilage, in con- 
junction with a thinner, more elongate ET cartilage 
shape, may establish a mechanical efficiency for 
opening the tube and partially account for ontoge- 
netic changes in tubal function. Empiric observa- 
tion fram the reconstructions supported this idea, 
suggesting that the ET cartilage centroid was lo- 
cated superiorly toward the head of the structure, 
that th» lumen centroid was more inferiorly lo- 
cated, and that the TVP muscle centroid was cen- 
tered midway along the structure. Any rotation of 
the TVP muscle away from the remainder of the ET 
system initially would affect distance measures 
from the inferior portion of the TVP muscle and be 
reflected in distance from the TVP muscle to the 
LVP muscle and from the TVP muscle to the lu- 
men. Tne distance from the TVP muscle to the ET 
cartilage remained unchanged because it involved 
the sup2rior portion of these two structures — an 
area of fulerum activity, not lateral displacement. 
It has been demonstrated that TVP muscle function 
has an 2ffect on ET function and subsequently on 
the occurrence of OME.*5 The present study sug- 
gested that the difference in ET function in young 
and older groups is the result of differences in the 
size anc shape of the ET cartilage and in the posi- 
tion of the TVP muscle. If, as appears likely, the 
TVP mascle is the primary dilator of the ET, the 
apparert differences in function may result not 
from changes in the TVP muscle itself, but from a 
change in the mechanicofunctional relationship be- 
tween t3e TVP muscle and a larger, more elongate 
ET cartilage in the older group, compared to the 
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smaller, more oval cartilage in the young group. 


The LVP muscle showed no change in shape be- 
tween groups, but both volume and cross-sectional 
area were significantly larger in the older group. In 
addition, all measures of distance involving the 
LVP muscle (LVP muscle to cartilage, LVP muscle 
to TVP muscle, and LVP muscle to lumen) were sig- 
nificantly larger in the older group. This is consis- 
tent with Holborow’s? finding that with increasing 
age the LVP muscle moves further away from the 
medial lamina of the ET cartilage. While some have 
argued against any involvement of the LVP muscle 
in ET function,*:'® others have suggested that it has 
a possible auxiliary role.^'^'* Given that the de- 
scribed change in size and position of the LVP mus- 
cle with age correlated with a change in ET func- 
tion, it is possible that the LVP muscle plays some 
role in ET functioning, if not directly through mus- 
cle contraction, then passively through constriction 
of the system in the young group. This role could 
not be determined in the present investigation. 


In summary, the current study showed signifi- 
cant ontogenetic changes in the following areas. 


1. The ET cartilage, lumen, and LVP muscle all 


evidenced a significantly larger cross-sectional area 
and volume in the older group. 


2. The ET cartilage and lumen showed signifi- 
cant shape changes, with the older specimens hav- 
ing more elongate structures. 


3. The distance from the LVP muscle to the 
other structures in the ET system (TVP muscle, ET 
cartilage, lumen) was significantly larger in the 
older group. 


4. The TVP muscle showed no significant differ- 
ences between the young and older groups in size or 
shape, but the distance from the TVP muscle to the 
lumen and from the TVP muscle to the LVP muscle 
was significantly larger in the older group. The evi- 
dence indicated an age-related rotated positioning 
of the TVP muscle relative to the remaining ET 
system structures, especially the ET cartilage. This, 
in association with the more elongate shape of the 
mature ET cartilage, may be ultimately responsible 
for an adult TVP muscle with a mechanical advan- 
tage, an adult ET system with a more efficient tubal 
opening mechanism, and an adult middle ear with 
a relatively low incidence of OME. 
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SPEECH PATHOLOGY IN GIANT CELL ARTERITIS 
REVIEW AND CASE REPORT 


DEWEY A. NELSON, MD 


NEWARK, DELAWARE 


This paper contains a review of the signs and symptoms of giant cell arteritis, especially speech and respiratory manifestations of the 
disease, which are demonstrated by a new case history. An elderly woman presented with speech that was falsetto, breathy, and marked by 
downward pitch breaks and phonation breaks. In addition, she had visual loss, headache, edema along the scalp and pharyngeal arteries, 
polymyalgia rheumatica, elevation of Westergren erythrocyte sedimentation rates, and positive arterial biopsy results. Her speech disorder 
recurred during an exacerbation. A vascular mechanism is proposed to explain her unusual speech, acute recurrence, and rapid recovery. 
This explanation (reversible ischemia of the laryngeal musculature) has been proposed by other authors in previous studies. 


KEY WORDS — giant cell arteritis, laryngeal ischemia, pharyngeal and tongue claudication, pharyngeal ischemia, speech 
pathology. 


Some of the most fascinating and little-known speech disorders in arteritis. Between 1969 and 1985, 
signs and symptoms of giant cell arteritis are those five different works were published concerning 
that involve respiration and speech: manifestations respiratory and speech pathology (see "Table 27. In 
that can affect 9% of such patients as described in the past, symptoms and patient complaints have in- 
only five prior reports. Involvement of the respira- cluded the following: pharyngeal and laryngeal 
tory tree by the above disease was first described in claudication, described by Hamilton et al 3 and also 
1969 by Dresser,' almost 80 years after the original by Kelly et al’; cough and sore throat, reported by 
report of “cranial arteritis” by Hutchinson? in 1890. Dresser’ as well as by Larson et al‘; and pleuritic 
He erroneously ascribed the causation of the newly pain, also reported by Larson et al. At physical 
described disease to a tight hatband. For 42 years examination, signs that have been reported are 
there were no further reports, but in 1932 there be- hoarseness, described by Dresser! and Larson et als, 
gan an outpouring of descriptions starting with that stridor, listed by Larson et al; and edema of the lar- 
of Horton et al,* who for the first time used the pres- ynx, found by Jennings.’ Larson et al also made the 
ent appellation “temporal arteritis.” They first de- important observation that a persistent cough in an 
scribed the disorder and labeled it “granulomatous elderly woman should suggest the diagnosis of giant 
arteritis.” The above authors recognized most of the cell arteritis. 
signs and symptoms of the disease, which are listed 
in the Table,'^" but further contributions were As far as speech pathology is concerned, there 
made by Gilmour,* who proved the generalized have been only two reports that described hoarse- 
arterial nature of the disease and suggested the ness, which involved four patients'^; no other char- 
present-day term "giant cell arteritis." Further sig- acteristics concerning the quality of speech have 
nificant additions to the syndrome came from Paul- been descr ibed until UNA The 71-year -old woman 
ley and Hughes? and Fauchald et al,'° who proved who is the subject of this present work is therefore 
the close relationship between polymyalgia rheu- the fifth patient with changes in speech that were 
matica and giant cell arteritis. Finally, Hamilton et the presenting signs of giant cell ar teritis; she is also 
al* in 1971 and Huston et al"! in 1978 published two the first to be reported with a vocal disorder other 
well-known scholarly epidemiologic, clinical, and than hoarseness. 


pathologic series that spanned 18 and 25 years, re- 
spectively. These often-quoted studies summarized 
past knowledge and added more clinical facts to this 
protean syndrome. Interestingly, speech and respi- 
ratory disorders were not mentioned in either of 
these exhaustive reviews. 


Physicians who often treat patients with this dis- 
ease (especially neurologists and rheumatologists) 
are familiar with the difficulties of diagnosis and 
the emergency nature of the illness. This is because 
a large number of patients are threatened with 
blindness, as well as thromboses of vessels of the 


In 1969, about 80 years after Hutchinson's? first brain and other organs that demand immediate 
report, Dresser' first described miosis, trismus, steroid therapy. Unfortunately, the clinician must 
painful deglutition, and hoarseness as the present- sometimes rely upon his or her clinical suspicion 
ing symptoms of temporal arteritis in a 79-year-old alone because of the following problems: 1) 40 pa- 
man; therefore, Dresser was the first to describe tients with biopsy-proven disease have been re- 
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GIANT CELL ARTERITIS AND POLYMYALGIA RHEUMATICA (SIGNS AND SYMPTOMS WITH LABORATORY FINDINGS) 


SYMPTOMS SIGNS 
Edema of scalp arteries 
Nodules of temporal vessels 
Cerebrovascular accident 


Headache 
Scalp dysesthesia 
Jaw claudication 


LABORATORY FINDINGS 
Erythrocyte sedimentation rate >55 
mm/h 


Normochromatic, normocytic anemia 


Anorexia Amaurosis and retinal ischemia Leukocytosis 

Tongue claudication Optic neuritis Elevated serum alpha globulin 
Myalgia Retinal venous occlusion Elevated enzymes 

Asthenia Fever Awe ne phosphatase 
Mood and psychic changes Edema and pain of jaw muscles SGPT 

Nausea and vomiting Ischemia and gangrene of tongue Positive arterial biopsy results 
Angina Cardiac ischemia and angina Positive laryngeal biopsy results (Jennings’) 
Painful deglutition Cardiac failure 

Arthralgia Trismus 

Diplopia Miosis 

Amaurosis Synovitis and arthritis 

Limb claudication Weight loss 

Neck pain Anemia 


Aching joints 
Morning stiffness 
Shoulder girdle pain 
Hip girdle pain 
RESPIRATORY SYMPTOMS 


Pharyngeal claudication (Hamilton 
et aly 


Laryngeal claudication (Kelly et al‘) 

Cough (Dresser!) 

mi throat (Dresser! and Larson et 
*) 


Pleuritic pain (Larson et al*) 
Voice changes (This report) 


ported with low erythrocyte sedimentation rates 
(ESRs), proving that it is not always a reliable 
test,5:'?-!5 and 2) disease proven by positive arterial 
biopsies varies from 24% to 60%, and at most hos- 
pitals is below 50 % .+1%16-18 This failure to have one 
consistent reliable test makes giant cell arteritis dif- 
ficult to diagnose and manage. Clinicians therefore 
are forced on occasion to begin steroids as a trial of 
therapy, on the basis of the clinical history and the 
results of a physical examination, because it is dan- 
gerous to delay. Therefore, the conundrum exists 
that combines the dangers of ill-advised steroid 
therapy, compared with the dangers of a missed di- 
agnosis. Any physician who treats patients with ar- 
teritis will be aided not only by laboratory results, 
but by signs and symptoms, such as those reported 
in this summary. At the present time, some clini- 
cians may not be familiar with voice and respira- 
tory disorders in arteritis, because reports are rare. 
As an example, diseases of respiration and speech 
have been found to be the presenting symptoms in 
only 4% of patients with giant cell arteritis, but will 
appear sometime during the course of the disease in 
9% .° 


The purpose of this work is twofold: to review 
signs and symptoms of arteritis that affect the respi- 
ratory tree, and also to encourage researchers to ad- 
vance the understanding of giant cell arteritis by 
exhaustive studies of speech and respiration. Future 
studies are necessary, but they must be done with- 


Aortic arch syndrome 
Femoral artery occlusion 
Bruits over large arteries 
Cranial nerve palsies 
Raynaud’s phenomenon 
Depression and anxiety 
Organic mental syndrome 
Personality changes 


RESPIRATORY SIGNS 
Hoarseness (Dresser! and Larson et al*) 
Stridor (Larson et al®) 

Edema of larynx (Jennings) 
Voice changes (This report) 


out delaying or interrupting steroid therapy, which 
often must be administered immediately to avoid 
serious vascular accidents, as mentioned above. The 
patient to be reported here demonstrated this clin- 
ical point. 


CASE REPORT 


On Sept 16, 1987, a 71-year-old woman was seen 
in neurologic consultation because of increasingly 
severe occipitotemporal headache that had pro- 
gressed over the preceding 3 months. In addition, 
she complained of severe hip and pelvic pain of 3 
weeks' duration and had experienced intermittent 
bilateral visual loss for 2 weeks, noted when she was 
attempting to read newspapers. 


Her husband stated that her voice had changed 
over the preceding week. He described it as high- 
pitched, breathless, and "baby-like." The patient 
had noted speech changes, which she ascribed to fa- 
tigue, and she also reported severe laryngeal pain 
during speaking as well as jaw claudication during 
chewing that began 3 days before her examination. 
The patient denied past functional illnesses, and her 
husband confirmed the fact that she had no neu- 
roses or psychiatric history. She did have a past his- 
tory of osteoarthritis and osteoporosis and reported 
she had had 17 vertebral fractures, treated with es- 
trogen, calcium, and bed rest. 


The neurologic examination revealed pain and 
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edema to palpation alongside the larynx, pain over 
the superficial temporal and carotid arteries, pain 
over the lumbosacral joint, and changes in her 
speech. It was falsetto, with a breathy quality. In 
addition, there were downward pitch breaks with 
phonation breaks that occurred during portions of 
words, as well as for sentences. The overall quality 
of her speech was high-pitched and prepubescent, 
with a breathless and excited sound. Hoarseness was 
not present. Giant cell arteritis and polymyalgia 
rheumatica were suspected. 


The patient was sent immediately for a measure- 
ment of Westergren ESR, which was 108 mm/h, 
and was admitted to The Medical Center of Dela- 
ware, where the ESR was tested again and found to 
be 135 mm/h. She was given a 100-mg dose of intra- 
venous hydrocortisone sodium succinate, followed 
by oral prednisone, 80 mg/d in divided doses. 


On the first day of admission, results of the 
rheumatoid factor test were negative, and of the an- 
tinuclear antibody quantitative test were less than 
1:40. Osteoarthritis of the entire spine was seen on 
radiographs, but no osteoporosis was seen; and bi- 
opsy of the superficial temporal artery on the right 
revealed numerous inflammatory cells in all layers 
of the artery, and giant cells were not seen. 


Her course was one of improvement in the fol- 
lowing sequence after administration of the intra- 
venous bolus of hydrocortisone: her visual blurring 
cleared almost immediately, her headache cleared 
after 1 hour, her voice became normal in 4 hours, 
and her ESR was found to be 35 mm/h at the next 
determination, 12 hours after admission (no serial 
ESRs were done; hence, the exact time of return to 
normal was not known). An examination of her 
nasopharynx and larynx was performed after her 
voice had returned to normal, and no abnormality 
was seen. 


On the fourth hospital day after her steroid dos- 
age had been decreased from 80 to 70 mg/d, she 
complained of severe headache and prostration, she 
lost central vision, and her voice again became ab- 
normal, as it was before admission. An emergency 
ESR test yielded an ESR of 117 mm/h; at this time 
the patient was given an additional bolus of 200 mg 
of intravenous hydrocortisone sodium succinate. 
Her vision returned to normal in 1 hour and her 
headache cleared in 4 hours, at which time she 
began to speak normally again. Upon discharge, 
her daily maintenance dose of prednisone was 75 
mg/d. During follow-up, her dose has been 25 
mg/d, and she has been free of the above-mentioned 
signs and symptoms. 


DISCUSSION 


The signs and symptoms of giant cell arteritis are 
so numerous and the anatomy and physiology of 
speech are so complex that one must expect the dif- 


ferential diagnosis to include a myriad of diseases. 
These include: functional diseases; CNS lesions, in- 
cluding vascular ones; neuromuscular diseases, in- 
cluding meuropathies; diseases of the respiratory 
tree and larynx, including ischemia, inflammation, 
and orthopedic disorders; rheumatic dislocation of 
cricoarytenoid joints; Wegener’s granulomatosis; 
relapsing polychondritis; and also metabolic disor- 
ders such as thyroid and adrenal disease. 3-!5-!9-26 


Included in the above are four diseases that often 
mimic giant cell arteritis, because the ESR usually is 
elevated and the respiratory system can be in- 
volved: disseminated lupus, rheumatoid dislocation 
of the cricoarytenoid joint, Wegener’s granuloma- 
tosis, and relapsing polychondritis.?*?* In consider- 
ing the myriad of diagnoses suggested above, it is in- 
teresting to note the two diverse but related causes 
of speech and respiratory disorders suggested by the 
authors of three articles 7 Dresser! speculated 
that there was ischemia from large vessels and mu- 
cosal damage from small ones. A similar vascular 
mechanism was proposed by Larson et al,* who also 
mentioned lesions of the bronchial mucosa from oc- 
clusion of branches of the aorta. On the other hand, 
Jennings’ discovered edema and round cell infiltra- 
tion in a biopsy of laryngeal mucosa in an elderly 
man with giant cell arteritis. 


Even though ischemic lesions of the central and 
peripheral nervous systems occur in 5% to 15% of 
patients with this disease,'*-'S it is surprising that 
cerebrovascular occlusive disease has not been pro- 
posed to explain respiratory symptoms and speech 
disturbances. Other symptoms produced by nervous 
system ischemia have been hallucinations, syncope, 
seizures, stroke, deafness, ataxia, myeloradiculop- 
athy, and peripheral neuropathy.'?*'* Aphasias were 
not listed separately from "stroke"; hence, central 
speech disturbances probably have been underre- 
ported. There is only an indirect nervous system re- 
lationship mentioned in the work of Dresser 3 the 
author who first described voice changes, and who 
in the same paper mentioned miosis due to ischemia 
of the superior cervical sympathetic ganglion. 


Patients with giant cell arteritis are usually acute- 
ly and chronically ill, and appear to the physician 
to be toxic, debilitated, and depressed. Because al- 
most every system is involved, the patients have 
fever, sweats, anorexia, weight loss, malaise, head- 
ache. myalgia, and arthralgia. In this setting, one 
might expect a large number of functional speech 
disturbances.'? It is interesting that thus far, no 
author (who has described vocal or respiratory 
changes in patients with vasculitis) has suggested 
hysteria or neurosis as a cause. Greene?” has de- 
scribed the clinical characteristics of dysphonias 
due to neurosis, which occur more often in women 
than in men. The basic understanding of functional 
speech disorders, however, came from the work of 
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Smurthwaite?" and Moses,’ who studied combat 
dysphonias in soldiers from two wars. The above 
authors described the following laryngoscopic find- 
ings: ease of manipulation of the vocal cords, which 
lie laterally; lack of adduction with defects of cord 
apposition; and obliteration of the laryngeal ventri- 
cle of Morgagni by cord spasm. 


The patient reported here had no history of psy- 
chiatric illness or depression, and she had a rapid 
response to steroid therapy during two separate epi- 
sodes, which suggested that her disease was organic 
and not functional. The quality of her speech re- 
sembled a type of spastic dysphonia, which usually 
is produced by tight laryngeal adduction. "779 Un- 
fortunately, the rapid course of her illness pre- 
cluded the performance of laryngoscopy while she 
was symptomatic in order to prove or disprove this 
thesis. Even though spastic dysphonias usually are 
listed under functional disorders, Moore et al'? and 
Boone and McFarlane?? have reported that there is 
also a neurogenic cause, and surgery has been an ef- 


fective treatment in over 300 patients. 


A review of available literature, therefore, dis- 
closes three possible mechanisms for speech and re- 
spiratory disorders stemming from arteritis: large 
vessel disease, small arterial ischemia, and direct 
round cell and inflammatory invasion of the respira- 
tory mucosa. 177 There are 11 extrinsic and seven in- 
trinsic muscles of the larynx; four of the latter ad- 
duct the vocal cords so that they can allow the cords 
to vibrate by the passage of air over them during 
speaking, after being forced apart by respiratory 
pressure. This necessitates long periods of contrac- 
tion and high oxygen demand. Blood supply is 
through the superior and inferior laryngeal arteries, 
as well as the cricothyroid arteries. During ischemia 
(as from arteritis) muscle tissue shortens, the fibers 
swell, and pain results. This is the most likely 
mechanism to explain the present patient's voice 
changes, and also will explain her rapid and dra- 
matic improvement on two occasions 4 hours after 
she received intravenous steroid therapy. 
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In 18 patients with Usher's syndrome, progressive hearing loss was verified audiologically in eight cases. Despite poor auditory thresh- 


old values and low 


discrimination scores, there was only one patient who 2ould not communicate with speech. The possibility of 


hearing impairment being mainly progressive in Usher's syndrome is discussed. 


KEY WORDS — progressive hearing loss, Usher's syndrome. 


INTRODUCTION 


Usher's syndrome is the leading disorder of com- 
bined deafness and blindness after childhood.’ The 
main characteristics of Usher's syndrome are con- 
genital hearing loss and retinitis pigmentosa. Men- 
tal disturbances and vestibular dysfunction are also, 
in some cases, parts of the disease picture. The dis- 
order affects some 3/100,000 people in the general 
population, but the prevalence of Usher's syndrome 
among the congenitally deaf is estimated to be be- 
tween 3% and 6%.? 


At present Usher's syndrome is classified on the 
basis of various phenotypic manifestations (types 1, 
2, and 3) and inheritance patterns (type 4).? Usher's 
syndrome type 3 is characterized by progressive 
hearing loss. The results of vestibular examinations 
also have been used to differentiate various types of 
Usher’s syndrome.* 


The hearing loss is bilateral and generally is ac- 
cepted to be cochlear in origin.*? Deafness usually 
is reported to be present at birth, and usually is so 
severe in early childhood that rehabilitative mea- 
sures are needed. However, total deafness is very 
rare, and hearing loss usually is discovered early in 
childhood. There may have been some previous 
deterioration, but actual hearing abilities during 
the first years of life have remained obscure. Some 
believe the loss to remain constant or to progress 
slightly with age.' It also has been reported that 
children affected within a given family tend to ex- 
hibit a significant positive family correlation with 
respect to level and pattern of hearing impair- 
ment, 13.18 However, most of these studies are based 
on the reported observations of patients or their 
families, not upon longitudinal audiometry. 
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Patients with Usher’s syndrome living in the prov- 
ince of Kuopio are examined and followed up at 
Kuopio University Central Hospital, and in many 
patients progression of the disease has been moni- 
tored over a period of 20 years (Table 1). We pre- 
sent the audiologic findings of 18 patients that sug- 
gest that progressive hearing impairment is a com- 
mon manifestation of Usher’s syndrome, at least in 
eastern Finland. 


MATERIAL AND METHODS 


The material consisted of 18 patients from the 
province of Kuopio, all of whom had audiologically 
and op-halmologically verified Usher’s syndrome. 
The padents came from 12 families. Patients 1, 2, 
12, and 16 were siblings. The sister (patient 18) of 
patient 6 last underwent audiologic measurements 
in 1979 and has since refused further examinations. 
Patient: 3, 13, and 15 were also siblings, and had 
another affected sister who was not examined by us. 
Patient 11 had two siblings also suffering from 
Usher's syndrome, but neither was examined by us. 
According to the family history, the brother (47 
years o- age) was speechless and had poor visual 
acuity, and the sister (44 years of age) had visual 
and heering losses but was able to speak. 


Nine of the patients were male, with a mean age 
of 44 years (range, 15 to 61 years), and nine were fe- 
male, with a mean age of 34.1 years (range, 14 to 53 
years). Case histories covered ear diseases, anam- 
nestic hearing impairment and visual loss, and edu- 
cation. All patients had undergone audiologic ex- 
amination many times during the follow-up period, 
and the most typical audiograms were selected for 
presentation (Table 1). The patients also had under- 
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TABLE 1. AUDIOMETRICALLY VERIFIED PROGRESSIVE HEARING LOSS 
Pure Tone Threshold in Pure Tone Threshold in Speech 
Audiogram 250 500 1,000 2,000 250 500 1,000 2,000 Scores, 
Patient ` Age" ` Sex Date Hz Hz Hz Hz Hz Hz Hz Ha Right/Left (%) 
H 51 F 1967 45 50 90 985 55 60 85 8 40/50 
1975 40 55 900 S 50 60 85 95 
1982 50 65 100 115 55 70 (90 115 0/0 
9 47 F 1081 35 40 45 65 25 35 55 55 60/90 
1986 50 60 70 70 50 60 75 80 0/84 
3 32 M 1962 35 45 60 60 35 40 50 60 
1971 50 55 65 70 40 50 55 60 
1985 60 70 80 75 60 70 70 70 70/980 
4 31 F 1963 55 6 90 80 8 9 95 g0 
1977 80 100 100 = 110 100 85 10 9 
1984 95 100 100 110 105 95 110 115 0/0 
5 27 M 1988 15 20 25 35 10  À 290 30 35 
1979 45 60 X 70 65 40 ` 85 65 
1886 50 60 80 70 60 65 80 70 76/84 
6 94 F 1978 25 35 35 40 25 30 40 40 
1986 45 45 355 55 50 45 50 55 88/92 
7 17 F 1873 50 e) ` GG 65 55 65 60 65 
1881 45 70 80 À 85 6 "70 480 65 0/57 
1985 80 100 110 120 110 115 115 120 0/0 
8 15 M 1978 60 55 65 50 6 70 60 55 75/67 
1979 65 70 75 70 65 70 85 80 
1986 75 80 95 100 85 85 100 95 50/67 


* Àt time of last hearing examination. 


gone routine ophthalmologic examinations, togeth- 
er with manual or automatic perimetry whenever 
possible. In some instances electrophysiologic exam- 
inations such as electroretinogram and visual 
evoked potential were included. The results of these 
examinations are given below. Hearing threshold 
levels are presented according to the standard ref- 
erence zero for the calibration of audiometers 
(ISO/R 389-1964). Bisyllabic phonetically balanced 
Finnish taped word lists'*? have been used for 
speech discrimination tests. The speech ability of 
patients was evaluated according to how well 
speech could be understood. The classification 
"mild speech disorder" was used if there was only a 
slight speech disorder. The typical speech disorder 
connected with profound hearing impairment was 
termed "moderate speech disorder," but speech was 
still easy to understand, and these patients used it to 
communicate. 


RESULTS 


Normal tympanic membranes were found in all 
cases. Progressive hearing loss was verified audio- 
logically in eight patients (Table 1). All patients 
with audiologically proven progressive hearing loss 
had measurable threshold values at speech frequen- 
cies and also exhibited correct or intelligible speech 
and language (patients 1 through 8; Table 2). With 
the exception of patient 8, all had passed through 
primary school, and some even through secondary 
school. 


Anamnestic histories revealed considerable dif- 
ferences among the subjects in the age at which 
hearing impairment and visual loss became mani- 
fest. Clear differences also were observed among 
siblings, eg, among patients 1, 2, 12, and 16 (sisters) 
(Tables 2 and 3) (earlier reported by Karjalainen et 
al?). Patient 2 had become aware of hearing im- 
pairment at age 30, and her hearing was clearly 
better than that of her siblings. Clear differences in 
manifestation of the disease also were observed 
among patients 3, 13, and 15 (brothers). 


Of the remaining eight patients (Table 2; patients 
9, 10, 11, 12, and 16), five had experienced pro- 
gressive hearing loss since childhood. Only one pa- 
tient (patient 14) was unable to communicate ver- 
bally. After starting at a normal school, she had 
switched to a special school for the deaf. 


DISCUSSION 


The progressive type of Usher’s syndrome is de- 
scribed in the literature as rare 72717 Nuutila’® re- 
ported progressive hearing loss in only four of 138 
patients (3%) in Finland. However, Merin et al'^ 
reported slowly progressive hearing loss in nine of 
35 patients (26% ) suffering from Usher's syndrome. 
Objective audiologic follow-up measurements in 
the present study indicate that progressive hearing 
impairment associated with Usher’s syndrome is 
also common, at least in the eastern part of Finland. 
Discrepancies between speech acuity and hearing 
levels (Table 3) suggest that hearing levels were bet- 
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TABLE 2. CASE HISTORIES OF HEARING IMPAIRMENT, A 
AT LAST FOLLOW-UP EXAMINATION, SPEECH DEVELOPMENT, AND SCHOOLING 
Speech 
Anamnestic Age Speech EE Discrimination 
of Hearing Scores, 
Patient ` Age: Sex Impairment Pih Lef (dB) Right/Left (%) 
1 51 F Adulthood C 0/0 
2 47 F Age 30 60/65 0/84 
3 32 M Mild congenital 70/65 70/90 
4 31 F Mild congenital € 0/0 
5 27 M Mild congenital 70/60 76/84 
8 94 F Childhood 55/50 88/92 
7 17 F Mild congenital edu 0/0 
8 15 M Congenital 90/100 50/67 
9 61 M Childhood 80/— 86/0 
10 58 M Age 7 65/65 100/100 
1 56 M Childhood e 0/0 
12 53 F Age 30 90/85 0/50 
13 43 M Congenital NM 0/0 
14 40 F Congenital TE 0/0 
15 39 M Childhood 65/65 100/100 
16 38 F Congenital SE 0/0 
17 61 M Adulthood 100/75 68/68 
18 14 F Childhood 20/25 93/100 


UDIOMETRIC FINDINGS 





Speech School 
Mild SD Primary 
Correct Secondary 
Moderate SD Primary 
Mild SD Secondary 
Correct Primary 
Correct Secondary 
Moderate SD Primary 
Moderate SD SF deaf 
Correct Primary 
Correct Primary 
Moderate SD ` Primary 
Correct Primary 
Moderate SD SF deaf 
No speech SF deaf 
Correct Primary 
Moderate SF deaf 
Mild SD Primary 
Correct Primary 


SD — speech disorder, SF deaf — school for deaf. Dashes indicate no speech discrimination. 


* At time of last hearing examination. 


ter at some stage before diagnosis, even in those 
cases in which no audiologically verified progressive 
hearing loss has been observed. Kumar et al* ob- 
served significant differences in speech discrimina- 
tion scores between patients with similar audio- 
metric configurations and nearly identical pure 
tone averages, and suspected that this might also be 
a sign of progressive hearing impairment. Karp and 
Santore! presented audiologic findings and case 
reports of four of 25 patients who noted progressive 
sensorineural hearing loss concomitantly with the 
first visual symptoms. Also, Vernon’s? findings raise 
the possibility that deafness and vestibular disease 
may be not only progressive, but also well ad- 
vanced, by 2 or 3 years of age. 


Patients in this study with audiologically proven 
progressive hearing loss generally showed better 
pure tone values and discrimination scores than the 
others (Table 2). This may result from the fact that 
patients 1 through 8 had milder hearing loss soon 
after birth, with later onset of hearing deteriora- 
tion. Suspicion of hearing impairment often arises 
when a child is 1 to 2 years of age and shows de- 
layed speech development. In such young children 
it is often impossible to measure hearing threshold 
values accurately, and even more difficult to ascer- 
tain whether hearing impairment is congenital. 
Thus the exact time of onset or the rapidity of 
deterioration of hearing impairment usually is not 
known, whereas the onset of visual impairment can 
be estimated more accurately (Table 3) and gener- 
ally is known to be progressive. 


In this study, progressive hearing loss was clearly 
the commonest form of hearing impairment asso- 
ciated with Usher’s syndrome in the province of 


Kuopic. However, these patients represent only a 
small proportion of the estimated 300 to 400 people 
in Finland affected with Usher’s syndrome. A more 
extensive study covering the entire country cur- 
rently is being planned, and it remains to be seen 
whether the type distribution of Usher’s syndrome 
in eastern Finland differs from that in other parts of 
the country. This may well be the case, since the 


TABLE 3. VISUAL AND FAMILY HISTORIES 
Others in 


Patient Impairment 


I Age 10 1982 51 CF CF 3 sisters 
2 Age 20 1982 43 LP LP 3 sisters 
3 Childhood 19881 28 98/20 8/20 2 brothers, 
l sister 
4 Childhood 1986 33 6/20 6/20 Not known 
5 Aged 1984 25 6/20 6/20 Not known 
6 Childhood 1886 24 6/20 5/20 1 sister 
7 Age It 1886 18 10/20 10/20 Not known 
8 Age 14 1985 14 12/20 12/20 Not known 
9 Childhood 1985 61 LP LP Not known 
10 Lateteens 1985 58 LP LP Not known 
1l Teens 1979 50 CF CF 1 brother, 
í l sister 
12 Age 30 1982 53 LP NLP 3 sisters 
13 Teens 1985 43 12/20 12/20 2 brothers, 
1 sister 
14 Adulthood 1985 40 7/20 7/20 Not known 
15 Teens 1985 39 10/20 10/20 2 brothers, 
1 sister 
16 Teens 1985 38 LP LP 3sisters 
17 Age 17 1881 56 LP LP Not known 
18 Adulthood 1886 21 14/20 10/20 1 sister 
RE — right eye, LE — left eye, CF — counting fingers, LP — light 


projection, NLP — no light projection. 
* At time-of last ophthalmologic examination. 
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population in eastern Finland is rather isolated and 
has remained within the same area for a long period 
of time. 


Progressive hearing loss appears to differ a great 
deal among individuals, even within the same fami- 
ly. One of the sibships included in this study (pa- 
tients 1, 2, 12, and 16) had been reported earlier” 
as having notably different ages of manifestation of 
both visual and hearing loss. We also know another 
family with four affected children who again show 
a wide variation in the age of manifestation. 


Usher’s syndrome was regarded earlier as a 
single, uniform disease, but currently is classified 
into four subtypes. However, the fact that progres- 
sive hearing loss seemed so common in this study, 
and that two families in our district did not fit the 


Karjalainen et al, Hearing Loss in Usher’s Syndrome 


present classification, suggests that this classifica- 
tion is not valid for this particular geographic area. 
Considering the wide variation in visual acuity in 
this series of patients, we believe it is feasible to 
assume that the variance of phenotypes shown by 
audiologic status also applies to ophthalmologic 
manifestations of Usher’s syndrome. 


The advanced screening methods and objective 
hearing examinations (auditory brain stem response 
and stapedial reflex examination) of modern audiol- 
ogy facilitate audiologic examinations in young 
children. Monitoring hearing development in youn- 
ger siblings of Usher’s syndrome patients may make 
it possible in the future to evaluate whether a given 
type of Usher’s syndrome is progressive in most or 
even all affected patients. 
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TREATMENT OF DEPRESSED TINNITUS PATIENTS 
WITH NORTRIPTYLINE 
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Patients disabled by tinnitus show a high prevalence of major depression. Furthermore, tinnitus produces patterns of disability similar 
to those produced by major depression. To explore further this link between tinnitus and depression, and to investigate the efficacy of 
treating depression in the treatment of tinnitus, a single-blind, placebo-washout, nonrandomized pilot study of the tricyclic antidepressant 
nortriptyline (hydrochloride) was undertaken in disabled tinnitus patients who also met diagnostic criteria for major depression. Nineteen 
patients began the study, two responded to placebo, and two dropped out prior to completion. Fourteen considered their tinnitus im- 
proved, and 12 chose to continue taking nortriptyline after the study. Depression severity decreased, on the average, by 65% (p< .0001). 
Tinnitus loudness measured by audiometric matching decreased by a mean of 10 dB or 50% (p< .02). Self-reports of tinnitus loudness and 
severity, somatic and psychologic symptoms, and psychosocial dysfunction all showed significant improvement with treatment. These 
results suggest that what initially appears to be an irreversible otologic disability in these patients may be in large part a reversible 
psychiatric disability. 


KEY WORDS — depression, tinnitus, tricyclic antidepressant. 


INTRODUCTION Prevalence estimates from epidemiologic com- 
There is general agreement among otolaryngolo- munity surveys suggest that approximately 15% of 
gists that therapeutic success is achieved in only a the general population experiences frequent or con- 
small minority of patients suffering from chronic stant tinnitus that is not induced temporarily by 
tinnitus. There are a few well-known reversible noise."* Hearing threshold has been reported as the 
causes for tinnitus (eg, drugs, neoplasm, vascular primary risk factor determining the prevalence of 
abnormality, Meniere’s disease), but these represent tinnitus. "7 As hearing threshold increases, generally 
less than 5% of those presenting with tinnitus as a because of age or noise exposure, there is an expo- 
chief complaint. When the degree of hearing loss nential increase in the number of tinnitus cases. 


warrants the use of a hearing aid, this often will im- 
prove the patient’s tinnitus, supposedly by masking 
the tinnitus with outside sounds. Tinnitus maskers, 
which produce narrowband noise to mask tinnitus, 
have proved disappointing in most clinics. Only 
90% of patients will buy a recommended masker, 
and only 11% will continue to wear the masker at 6 
months.' Biofeedback, relaxation, and stress reduc- 
tion programs have been used widely.? The only 
well-controlled study in this area, however, was un- 
able to demonstrate decreases in tinnitus sensation 
or disability.? 


While the risk of developing tinnitus is directly 
proportional to one’s degree of sensorineural hear- 
ing loss, tinnitus severity does not show a clear cor- 
relation with degree of hearing loss.'° British sur- 
veys’’'' have found that only 14% of tinnitus suf- 
ferers experience "severe annoyance” and only 4% 
experience severe disability due to their tinnitus. 
Similar results have been obtained in Sweden.? 
Though frequency and length of tinnitus episodes 
correlated with severity, only one third of those ex- 
periencing continuous tinnitus reported it as severe. 
Indeed. the vast majority of those with tinnitus 
never seek medical attention for it. Ninety-five per- 
cent of those that consult their physician are satis- 
fied with reassurance that their tinnitus is not a 
symptom of a serious, progressive disease.’ 


Many medications have been proposed for tinni- 
tus control. Intravenous lidocaine hydrochloride 
has been significantly better than placebo in three 
of four randomized clinical trials (eg, Hulshof and 


Vermeij*), but its clinical use is impractical. Its oral If tinnitus is a benign, albeit temporarily worri- 
analog, tocainide (hydrochloride), has been success- some sensation for most persons, what distinguishes 
ful in open trials, but has not been more successful severe and disabling tinnitus from the more com- 
than placebo in studies with double-blind controls.5 mon benign form? House et al? found no difference 
Similarly, carbamazepine has not shown significant in tinnitus loudness (estimated by comparison to ex- 
benefit when compared to placebo.5 Cochlear nerve ternally presented tones) between those who were 
section, generally done only in those who are al- disturbed by their tinnitus and those who were not. 
ready deaf, is agreed by most otologists to be of lit- Meikle et al showed that there was no correlation 
tle if any lasting benefit. between the self-rated severity of tinnitus and its 
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TABLE 1. DSM-III-R CRITERIA FOR MAJOR DEPRESSION 
A. A predominant and persistent dysphoric mood most of the 
day, nearly every day for at least two weeks: 
l. Feeling sad, blue, or depressed, or 
2. Loss of interest or pleasure in usual activities 
B. And, four of eight symptoms listed below, nearly da 
EE ve 


l. ius etite or si 
cant wei 


: Se or Dee 

. Psychomotor retardation or agitation. 

Loss of interest or pleasure in usual activities. 

Loss of energy; fatigue. 

Feelings of worthlessness, excessive or inappropriate guilt. 
Diminished concentration, or indecisiveness. 

. Recurrent thoughts of death, wishes to be dead, or suicidal 
thoughts. 


C. Not the oman GE of an uncomplicated bereavement or 
organic m 


an weight loss, increased appetite 


eee 


From the Diagnostic and Statistical Manual of Mental Disorders. 3rd 
ed, rev. American Psychiatric Association, 1987. 


measured loudness, pitch, or constancy. Only a 
slight correlation was found between severity and 
duration, tonal quality, maskability, or number of 
sounds comprising the tinnitus. Severity correlated 
best with decreased concentration, disrupted social 
relations, and disturbed sleep. These results suggest 
that tinnitus severity is tied more closely to the 
degree of psychosocial disruption than to intrinsic 
properties of the noise sensation. It is suggested by 
the type of disability reported by tinnitus sufferers 
that depression may distinguish those disabled by 
their tinnitus from those who are not disabled. 


Tinnitus long has been described as being exacer- 
bated by psychosocial stressors and as being a signif- 
icant source of distress. +? The prevalence of psycho- 
pathology in tinnitus sufferers has been described 
anecdotally" in the otolaryngologic literature. Mul- 
tiple studies'S-’” have found elevated scores for anxi- 
ety and depression in tinnitus patients on self-report 
measures such as the Minnesota Multiphasic Person- 
ality Inventory. 


These past studies suffered from methodologic 
flaws such as 1) biased sampling from a tinnitus 
subgroup selected for psychologic treatment, 2) the 
lack of an adequate control group, 3) the lack of 
operationalized diagnostic criteria for psychiatric 
illness, and 4) mixing of tinnitus patients with mini- 
mal and severe disability. We therefore carried out 
a study!* to assess the prevalence of psychiatric ill- 
ness in patients attending a Tinnitus Research 
Clinic as compared to a control group complaining 
of hearing loss using the National Institute of Men- 
tal Health Diagnostic Interview Schedule (NIMH- 
DIS) structured psychiatric interview. We also used 
self-report questionnaires to assess psychosocial dis- 
ability in depressed and nondepressed tinnitus pa- 
tients as compared to the controls. Two main con- 
clusions resulted from this study. First, tinnitus pa- 
tients have a much higher prevalence of both cur- 
rent (60% versus 7%, p<.001) and lifetime (78% 


versus 21%, p<.002) major depression as defined 
in the American Psychiatric Association’s Diagnos- 
tic and Statistical Manual (DSM-III) (refer to Table 
1 for diagnostic criteria) than hearing loss controls. 
Second, disability due to tinnitus has a strong asso- 
ciation with affective disorder; nondepressed tinni- 
tus patients were not significantly different from 
controls on any of the disability measures, while de- 
pressed tinnitus patients were significantly more 
disabled on all measures used than both controls 
and the nondepressed group. These results suggest 
that what initially appears to be an irreversible oto- 
logic disability in these patients may be in large part 
a reversible psychiatric disability. 


There are anecdotal reports (eg, Goodey’’) and a 
very recent double-blind study” of the use of tricy- 
clic antidepressants in the treatment of tinnitus. 
This recent study, which found no therapeutic 
benefit from trimipramine maleate, has three seri- 
ous flaws, however. First, the psychiatric status of 
their patients, including diagnosis, was not deter- 
mined adequately (most were apparently not de- 
pressed). Second, the degree of disability due to tin- 
nitus suffered by these patients was not specified. 
Third, this study did not distinguish outcome in 
terms of effect upon loudness or effects upon dis- 
ability. Any or all of these factors could have ob- 
scured a significant treatment effect. 


Our previous work cited above indicates that dis- 
ability due to tinnitus may be strongly related to 
concurrent (DSM-III) major depression. To further 
investigate the role of depression in tinnitus disabil- 
ity and, specifically, to determine if reduction in 
depression severity can reduce tinnitus disability, 
we performed a single-blind, placebo-washout, 
nonrandomized pilot study treating chronic tinnitus 
patients with major depression using nortriptyline 
(hydrochloride). This design permits an economical 
determination of whether the considerable expense 
of a fully randomized clinical trial is justified. This 
type of design is especially appropriate for the pre- 
liminary study of tricyclic antidepressants, which 
require both dose adjustment and prolonged treat- 
ment for maximum therapeutic effect. 


MATERIALS AND METHODS 


Patients were referred from local otolaryngolo- 
gists for treatment at our Tinnitus Research Clinic 
or recruited from a newspaper advertisement asking 
for people suffering from tinnitus and depression. 
All new patients in this Clinic received complete 
otologic and audiologic examinations, the latter in- 
cluding tinnitus matching and masking evaluation 
using procedures recommended by the 1981 Sym- 
posium on Tinnitus. Following this evaluation, pa- 
tients without an otologically treatable cause for 
their tinnitus received the NIMH-DIS?! from a psy- 
chiatrist. Patients with current DSM-III major de- 
pression and a minimum score of 18 on the Hamil- 
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TABLE 2. POSTTRIAL TREATMENT SUMMARY 


No. of 
No. of Patients 
Whe Hemsted ` Patens Requested N 
a ts 0 
Hearing Aid Who R Additional 
or Masker cho T 
Patients who 
continued 
nortriptyline 4 5 3 
Patients who 
discontinued 
nortriptyline l 2 4 


ton Depression Rating Scale (HAM-D)?? but no his- 
tory of psychosis or mania and no active drug or al- 
cohol abuse were eligible for entry into the study. 
All patients completed the Hopkins Symptoms 
Checklist-90 (SCL-90)? and the Chronic Illness 
Problem Inventory (CIPI)^ at the beginning and 
end of the study. Adults from 18 to 75 years of age 
were accepted if they passed interview screening for 
glaucoma, urinary retention, seizure disorder, hy- 
perthyroidism, hypothyroidism, and pregnancy. 
Patients were screened for active cardiovascular dis- 
ease by history, physical examination, and ECG if 
over 40 years of age. Patients were excluded from 
the study if they were on medications known to 
cause depression, eg, lipophilic 8-blockers, reser- 
pine, or steroids. 


Patients were informed they would receive place- 
bo at some time during the trial; in fact, all patients 
received placebo for the first 2 weeks of treatment. 
The placebo was lactose in gelatin capsules, indis- 
tinguishable from our nortriptyline capsules. Pa- 
Hents took a single capsule at bedtime for 2 weeks. 
Patients were asked to keep a daily tinnitus diary re- 
cording duration, loudness, and severity of tinnitus. 
At the end of 2 weeks, response to placebo was as- 
sessed for both depression and tinnitus by use of the 
HAM-D and a tinnitus questionnaire that assessed 
loudness, duration, and severity of tinnitus. The 
primary dependent variable for data analysis was 
tinnitus severity. If either the HAM-D or tinnitus 
severity scores decreased by 30% or more, the pa- 
tient was judged a placebo responder. Such patients 
then were treated with active medication according 
to study protocol. 


After 2 weeks of placebo, nortriptyline hydro- 
chloride was begun as a single 25-mg nightly dose 
and increased 25 mg at 5-day intervals if no signifi- 
cant benefits or serious side effects were noted. Pa- 
tients continued with daily tinnitus diaries and bi- 
weekly HAM-D and tinnitus questionnaires. Pa- 
tients’ blood levels of drug were assessed at 75 or 100 
mg at the discretion of the treating psychiatrist. The 
dose was titrated to therapeutic blood level (50 to 
150 ng/mL), at which patients were maintained for 
6 weeks. At the end of this period, the trial was 
over. Patients were assessed again with the SCL-90, 
the CIPI, tinnitus matching, and masking, in addi- 
tion to the tinnitus questionnaire and HAM-D used 


--O—- LOUDNESS 


LOUDNESS/SEVERITY MEAN SCORES 
HAM-D MEAN SCORES 





BASEPL 2 4 6 8 310 12 14 FINAL 


WEEKS 


Fig 1. Treatment course with tinnitus measures scaled on 
left amd depression measure on right (mean+SEM). 
PL — postplacebo mean, HAM-D — Hamilton Depres- 
sion Reting Scale. Patients were in trial for 10 to 14 weeks, 
depencing upon how long titration of nortriptyline took. 


throughout the study. Patient satisfaction with treat- 
ment was assessed at trial completion and again at 
1-month follow-up. 


RESULTS 


Nineteen patients began the study. One patient's 
depression became worse, and he was referred for 
more intensive psychiatric treatment of paranoid 
symptoms after 12 weeks on the protocol. One pa- 
tient discontinued the medication himself just prior 
to completion of the protocol. Data from both pa- 
tients are included in the results. Most patients had 
minor s.de effects, including dry mouth, dyspepsia, 
constipation, and orthostatic hypotension. T'wo pa- 
tients developed urinary hesitancy that required the 
addition of cholinergic medication. All patients 
were maintained at therapeutic blood levels for 6 
weeks. ?lateau doses ranged from 50 to 150 mg/d, 
with a median of 100 mg. 


Fourteen patients considered their tinnitus im- 
proved at completion of the study, and five did not. 
Two of these responders also responded to placebo. 
No patents reported complete disappearance of 
their tinnitus with treatment, although two noted 
extended periods in which they had no tinnitus. 
Twelve patients continued nortriptyline treatment 
following completion of the study. Five of these 12 
patients additionally sought psychotherapy. Five of 
the 19 study patients sought further treatment for 
their tir nitus in the form of a hearing aid or masker 
at the 1-month follow-up visit (Table 2). 


Depression severity was monitored pretreatment, 
biweekly during treatment, and with the HAM-D 
posttreetment. Figure 1 shows the course of mean 
HAM-TL scores. Pretreatment scores were not sig- 
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LOUDNESS POST-NORTRIPTY LINE 
TREATMENT (dB SPL) 





30 40 50 60 70 80 


LOUDNESS PRE-NORTRIPTYLINE 
TREATMENT (dB SPL) 


Fig 2. Pretreatment and posttreatment tinnitus loudness 
matches in worse ear. Line desi icy ere and 
posttreatment equivalence is ded tor comparison. 


nificantly different from scores after 2 weeks of 
placebo treatment. Pretreatment and postplacebo 
means were significantly greater than posttreat- 
ment scores (p< .0001) on two-tailed paired f tests. 
The mean decrease in HAM-D scores was 63%. 


Tinnitus loudness in the patient’s worse ear, as 
measured by matching with a tone of the sanie fre- 
quency in the ipsilateral ear, was significantly de- 
creased (p<.02) after treatment. The mean de- 
crease was 10 dB sound pressure level (SPL) or 
50% . The decrease was most marked in those whose 
initial tinnitus-match loudness was greater than 20 
dB SPL (Fig 2). The matching frequency often also 
changed with treatment, though this change had no 
discernible pattern. 


Tinnitus loudness and tinnitus severity as assessed 
by biweekly audiologist interviews both were de- 
creased significantly posttreatment (p<.01). The 
mean tinnitus severity decrease was 27%, while 
loudness decreased a mean of 15%. Loudness and 
severity also were decreased significantly posttreat- 
ment, as measured by self-report in daily diaries 
(p<.05). Pretreatment and postplacebo means 
were not significantly different. Figure 1 describes 
the course of change in tinnitus loudness and sever- 
ity as compared to the change in depression severi- 


ty. 


Changes in somatic and psychologic symptoms 
with treatment were monitored on the SCL-90 (Fig 
3). Seventeen patients completed the SCL-90 pre- 
treatment and posttreatment. Scores on all scales 
were reduced significantly with treatment (p< .01), 
except somatic symptoms, which did not achieve 
statistical significance, and phobic avoidance, which 
achieved significance at the .05 level. 


Psychosocial dysfunction was monitored with the 


0 10 20 


--O- PRE-TREATMENT 
——@— POST-TREATMENT 


MEAN SCORES 





SOM OC |S DEP ANX HOS PHO PAR PSY GSI PSD PST 
CATEGORY 


Fig 3. Pretreatment and posttreatment scaled mean scores 
+ SEM on Hopkins Symptoms Checklist-90. SOM — 


HOS — hostility, PHO — phobic avoidance, PAR — 
paranoia, PSY — osis, GSI — general symptom se- 
opathic deviance, PST — psychas- 


CIPI (Fig 4). Problems in the areas of sexual func- 
tioning, physical appearance, physical activity, so- 
cial activity, financial concerns, and illness focus 
were reduced (p< .05). Significant reductions also 
were noted in cognitive dysfunction (p« OI) and, 
even more clearly, in sleep disturbance and body 
deterioration (p< .001). 


DISCUSSION 
This study demonstrates that patients with tinni- 


MEAN SCORES 





012345 8 7 8 9 101112 13 14 15 16 17 18 10 
CATEGORY 


Fig 4. Chronic Illness Problem Inventory mean scores + 
SEM tment and posttreatment. For categories, 
1 — , 2 — eating, 3 — finances, 4 — employment, 
5 — medications, 6 — cognitive, 7 — physical appear- 
ance, 8 — body deterioration, 9 — sex, 10 — activities of 
daily living, ll — inactivity, 12 — social activity, 
13 — family/friends contact, 14 — assertion, 15 — medi- 
cal interaction, 16 — marital difficulty, 17 — marital 
overprotection, 18 — nonmarried relationships, 19 — ill- 
ness focus. For scores, 0 — none, 1 — mild, 2 — moder- 
ate, 3 — severe. 
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tus who meet DSM-III criteria for major depression 
show significant improvement on a broad range of 
outcome measures when treated with the tricyclic 
antidepressant nortriptyline. There appears to be a 
hierarchy of response. The greatest improvement is 
seen in depression, psychologic and physical symp- 
tom severity, psychosocial disability, and global 
satisfaction. Less improvement is seen in tinnitus 
severity, and the least (although still significant) 
improvement is seen in tinnitus loudness as mea- 
sured by audiometric matching and self-report. 


Our study differs from previously reported 
studies? of tricyclic antidepressant treatment for 
tinnitus in that 1) only patients with current major 
depression were treated, 2) all patients had thera- 
peutic tricyclic blood levels for 6 weeks, and 3) a 
broad array of audiometric and psychosocial out- 
come measures were used. Our ability to show 
treatment effect could be due to any of these rea- 
sons. In addition, some of our responders could be 
placebo responders who were not identified during 
the 2-week placebo washout period. We plan a 
double-blind, randomized trial to obtain a true pla- 
cebo response rate. 


Tinnitus can be conceptualized as having three 
components: l) tissue injury (ie, to cochlear hair 
cells), 2) symptoms produced (ie, tinnitus noise of a 
given loudness, frequency, etc), and 3) disability ex- 
perienced (eg, sleep disruption, marital discord). It 
is not likely that tricyclics act to reverse cochlear 
damage. However, there are grounds to believe that 
tricyclic treatment may reduce the production of 
symptoms from a given injury and/or the produc- 
tion of disability by a given set of symptoms. 


The ability of tricyclic antidepressants to relieve 
depression in 60% to 70% of those who meet criteria 
for major depression is well documented and con- 
firmed in the present study. It has been shown fur- 
ther in several studies that patients with major de- 
pression have significantly more somatic complaints 
of a nonspecific nature than control subjects who 
are not depressed.?* In a study of patients with a 
variety of chronic medical illnesses,?* it was found 
that depressive symptoms had large and significant 
effects upon perceived general as well as mental 
health status, and upon social, vocational, and 
physical functioning. More specifically, a recent 
study that compared 51 patients with major depres- 
sion to 51 matched controls on the incidence and 
severity of 27 physical symptoms found that 49% of 
depressed patients complained of tinnitus, com- 
pared to 11.8% of controls.?* Relieving depression 
in itself, therefore, should diminish somatic symp- 
toms. 


The most well-studied phenomena of medical- 
psychiatric comorbidity are those of chronic pain. 
Chronic tinnitus offers some intriguing parallels to 
chronic pain. Each has an important association 


with depression that appears to amplify symptoms 
of medical origin." Each can occur following pe- 
ripheral denervation (cochlear versus somatosensory) 
and may be related to ambiguous input to the CNS 
from injured sensory organs. Each can show im- 
provement in the presence of a masking stimulus 
(acoustic for tinnitus, vibratory for pain). Both also 
show improvement with tricyclic treatment. 


This improvement can be explained in at least 
two ways. Antidepressant treatment could reverse 
the demoralization that can accompany chronically 
aversive sensations. By reducing demoralization 
and increasing the ability of the host to cope with 
aversive stimuli, it could reduce the disability pro- 
duced by these symptoms. Alternatively, antide- 
pressant treatment could directly reduce the symp- 
toms produced by a given injury. Two facts point to 
the notion that tricyclics have a direct analgesic ac- 
tion in patients with chronic pain that is indepen- 
dent of their antidepressant action. First, especially 
in the case of neuropathic pain, tricyclics often pro- 
vide pain relief more quickly and at lower doses 
than depression relief.?* Second, chronic pain of 
various types has been shown to respond to antide- 
pressants in the absence of depression.?? 


The present study does not allow us to decide be- 
tween these alternatives. Even audiometric tinnitus 
matching relies ultimately upon patient report of 
perceived sound levels and is therefore unable to 
distinguish between treatment effects upon the tin- 
nitus sensation itself and the processes of symptom 
perception. It is possible that both were favorably 
affected in the present study. Further study with 
nondepressed but disabled tinnitus patients is nec- 
essary to sort out whether tricyclic treatment has ef- 
fects upon tinnitus independent of its antidepres- 
sant effect. 


We were surprised that the mean change in sever- 
ity scores was so small (27%), since most patients 
felt the treatment was very beneficial, chose to con- 
tinue nortriptyline for a recommended 6-month 
maintenance period (72%), and were uninterested 
in pursuing additional treatment modalities (58%). 
We suspect that our seven-point severity scale lacks 
sensitivity: frequently, subjects would select the 
same scale score on consecutive appointments while 
relating that the tinnitus was less bothersome. Some 
may have had difficulty distinguishing severity 
from loudness as well. In future trials, we will use 
new "externally referenced" severity and loudness 
scales designed to provide explicit definitions (be- 
havioral and acoustic, respectively) for these vari- 
ables. 


Confusion between loudness and severity may 
have occurred with audiometric testing as well. The 
loudness of tinnitus matches decreased significantly 
with treatment. This could be an effect similar to 
the analgesic effect of tricyclics. It also could be 
that loudness may remain the same while subjects' 
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criteria for comfortable and uncomfortable levels 
may change. Hinchcliffe and Chambers? found 
most comfortable loudness levels at 1,000 Hz 
(where patients’ hearing was normal) to be lower in 
patients complaining of tinnitus than in normal 
subjects. We plan to pursue this by studying most 
comfortable loudness levels at 1,000 Hz before and 
after antidepressant therapy. We also will perform 
a tinnitus loudness match at 1,000 Hz in future sub- 
jects to try to overcome the fact that matches at dif- 
ferent frequencies with different hearing thresholds 
make sensation level comparisons difficult to inter- 
pret. 


Treatment recommendations based on the cur- 
rent study must be made with certain qualifica- 
tions. We do not have follow-up data beyond 1 
month for those patients who elected to continue 
taking nortriptyline. It is therefore not possible to 


provide documentation of continued compliance 
and effect. There are also no data on persistence of 
improvement following discontinuation of nortrip- 
tyline after 6 months (based upon treatment length 
recommended for major depression alone). 


Nortriptyline was chosen for its favorable side ef- 
fect profile and because it is possible to document 
therapeutic blood levels. Specifically, nortriptyline 
has not been shown to cause tinnitus, as have imi- 
pramine and protriptyline (hydrochloride). We ex- 
pect that the other tricyclic antidepressants would 
show similar efficacy as they do in depression and 
chronic pain syndromes. Finally, tricyclic treat- 
ment appears to produce partial rather than total 
relief from tinnitus. The goal of such treatment 
should not be the eradication of tinnitus, but the 
restoration of the ability to accommodate to it as do 
most people with tinnitus. 
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MENIERE’S SYNDROME AND ENDOLYMPHATIC HYDROPS 
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A systematic double-blind assessment of case histories and histopathologic findings in temporal bones in the collection at the 
Massachusetts Eye and Ear Infirmary was performed to test the hypothesis that elinical Meniere’s syndrome is associated with endolym- 
phatic hydrops demonstrated histopathologically at death. Thirteen of 13 cases of clinical Meniere's syndrome were found to have en- 
dolymphatic hydrops not attributable to other causes. However, some patients with idiopathic endolymphatic hydrops did not exhibit 
clinical Meniere’s syndrome as revealed in their medical records. These results challenge the dogma that endolymphatic hydrops per se 


generates the symptoms of Meniere’s syndrome. 


KEY WORDS — endolymphatic hydrops, Meniere’s disease, Meniere’s syndrome, temporal bone histopathology. 


INTRODUCTION 


This is a report of a retrospective double-blind 
study correlating clinical case histories with histo- 
pathologic findings in temporal bones. The study 
was designed to test the hypothesis that clinical 
Meniere’s syndrome is the direct consequence of 
idiopathic endolymphatic hydrops. 


Prosper Meniere, in 1861, described a syndrome 
consisting of continuous or intermittent head noises 
accompanied by diminution of hearing and inter- 
mittent attacks of vertigo, dizziness, uncertain gait, 
staggering, and falling, accompanied by nausea, 
vomiting, and syncope.' The essence of Meniere's 
proposal was that the association of auditory and 
vestibular symptoms pointed to the ear as being the 
seat of the disorder, as opposed to the CNS. Meniere 
also observed that the external and middle ears ap- 
peared to be normal in such cases; so by extension 
from Flourens" experiments on pigeons, he guessed 
the site of lesion to be the semicircular canals. 


In 1938, Yamakawa? in Japan, and Hallpike and 
Cairns* in England, independently reported the 
finding of endolymphatic hydrops in temporal 
bones from patients with Meniere's syndrome. Hall- 
pike and Cairns emphasized the apparent idiopath- 
ic nature of the hydrops that served to distinguish it 
from the hydrops due to labyrinthitis described 
earlier by Wittmaack.5 Furthermore, hydrops was 
regarded as the "essential morbid anatomy of a spe- 
cific disease of the labyrinth."5 Subsequently, sever- 
al investigators described similar temporal bone 
findings."?? With the definition of a pathologic le- 
sion, the term Meniere's "disease" came to be ap- 
plied to the syndrome. In 1972, the Committee on 
Hearing and Equilibrium of the American Acad- 
emy of Ophthalmology and Otolaryngology 


LAACH TTT incorporated this concept in its definition 
of Meniere's disease as being “a disease of the mem- 
branous inner ear characterized by deafness, verti- 
go, and usually tinnitus, and has as its pathologic 
correlate hydropic distension of the endolymphatic 
system." Thus, a central dogma has come to domi- 
nate current thinking: that although many possible 
etiologic factors can lead to endolymphatic hy- 
drops, it is the hydrops that generates the symptoms 
of Meniere's syndrome (Fig 177). 


This central dogma, as Kiang? points out, has 
not been tested conclusively. "Strictly speaking, 
every clear-cut case of Meniére’s syndrome should 
have endolymphatic hydrops and every case of hy- 
drops should show the clinical symptoms unless, of 
course, the chain of neural events is interrupted." 
There are reports of cases diagnosed as “Meniere’s 
disease" during life that have shown no demonstra- 
ble endolymphatic hydrops at death.?*-?? Criteria to 
diagnose "Meniere's disease" vary widely, and one 
could argue that some of these did not represent 
true cases of "Meniere's disease." An alternate ex- 
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Fig 1. Central dogma for Meniere’s syndrome. (Reprinted 
with permission.”) Many possible etiologic factors can 
lead to endolymphatic hydrops, which in turn generates 
clinieal symptoms. 


From the Department of Otology and Laryngology, Harvard Medical School and Massachusetts Eye and Ear Infirmary, Boston. 
Presented at the meeting of the American Otological Society, Inc, San F rancisco, Apri! 2-3, 1989. 
REPRINTS — Steven D. Rauch, MD, Massachusetts Eye and Ear Infirmary, 243 Charles St, Boston, MA 02114. 
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planation is that whatever hydrops existed during 
life resolved in the time interval between diagnosis 
and death. It is recognized that endolymphatic hy- 
drops is a well-documented pathologic entity” that 
can occur in association with several conditions, 
such as Mondini dysplasia, labyrinthitis, surgical 
trauma, and syphilis, and without any other recog- 
nizable predisposing histopathologic features. The 
latter group of idiopathic hydrops is supposedly re- 
sponsible for symptoms of Meniere’s syndrome. 
However, there have been instances in which idio- 
pathic hydrops has been found in temporal bones of 
people who were not known to have exhibited the 
clinical symptoms of Meniere’s syndrome.?^"?* 
Schuknecht and Gulya believe that either such 
hydrops is rionprogressive or that spontaneous fistu- 
lization between endolymph and perilymph has oc- 
curred, thus explaining the absence of symptoms. 
Animal models for endolymphatic hydrops, such as 
in the guinea pig,???' have shown that despite pro- 
gressive hydrops, there are no observed episodic ves- 
tibular attacks, although continuous monitoring 
has not been reported. 


The conflicting nature of some of these reports 
can be attributed, in part, to inherent inadequacies 
in studying human temporal bones. We believe that 
certain guidelines need to be fulfilled to allow 
meaningful interpretation of temporal bone data. 
1) Accurate clinical documentation, close to time of 
death, is ideal. 2) Clinical and histologic criteria to 
define the entity being studied must be clearly laid 
out prior to data collection. 3) Correlation of clini- 
cal findings with histopathology should be free of 
preexisting bias; this is best achieved by double- 
blind assessments of data. 4) The number of cases 
studied should be adequate to allow for valid statis- 
tical analysis. 


MATERIAL AND METHODS 


The key to this study was the availability of a 
large collection of temporal bone sections at the 
Massachusetts Eye and Ear Infirmary along with 
the clinical medical records. Antemortem medical 
records including clinical histories, physical find- 
ings, and diagnostic test results of all cases for 
which the temporal bones were processed were re- 
viewed. Cases were included in the study popula- 
tion if the medical record contained a thorough oto- 
logic history and both temporal bones were avail- 
able. Each case selected for study was required to 
have adequate clinical documentation about the 
presence or absence of auditory and vestibular symp- 
toms. (For instance, a case with documented sensori- 
neural hearing loss but without mention of whether 
the patient had or did not have vertigo was rejected.) 
This preliminary screening yielded 125 cases (250 
temporal bones). 


Next, clinical scoring was dine by one of the au- 
thors (B.A.T.) without knowledge of the histopath- 


ologic material. Eight categories of clinical features 
were analyzed in each case: demographics, hearing 
loss, vertigo, tinnitus, aural pressure, pertinent as- 
sociated conditions, physical examination findings, 
and diagnostic test results. Demographic data in- 
cluded age, sex, race, time from death to fixation, 
age at otolaryngologic encounters, and whether or 
not the otolaryngologic examiner was trained at the 
Massachusetts Eye and Ear Infirmary. Descriptions 
of hearing loss included presence or absence of loss, 
laterality, progressive or stable loss, age at onset, 
rate of progression, fluctuation, and presence or ab- 
sence of associated otologic symptoms for each ear. 
Data on vertigo included presence or absence; age 
at onset; duration; associated nausea or vomiting; 
descriptors of constant, episodic, positional, un- 
steadiness, or not specified; and presence or absence 
of associated otologic symptoms. Descriptions of 
tinnitus included presence, absence, or no com- 
ment; laterality; pitch; constant or intermittent; 
age at onset; and presence or absence of associated 
otologic symptoms for each ear. Descriptions of 
aural pressure included presence, absence.or no 
comment; laterality, constant or intermittent; age 
at onset; and presence or absence of associated oto- 
logic symptoms for each ear. Pertinent associated 
conditions noted included otorrhea, meningitis, 
head trauma, ototoxic medications, congenital con- 
ditions, ear surgery, and other. Audiometric and 
vestibular test results, if available, were photo- 
copied and appended to the clinical score sheets. 


A four-part clinical summary was created for 
each case on the basis of the data collected from 
each medical record. This summary comprised a 
hearing loss'description, a vertigo description, a tin- 
nitus description, and pertinent clinical otologic 
diagnoses. Hearing loss summary description 
choices included none, conductive, sensorineural, 
mixed, fluctuating/sensorineural, and unspecified. 
Vertigo summary description choices included 
none, episodic, positional, constant, unsteadiness, 
episodic/positional, and unspecifled. Tinnitus was 
summarized as present, absent, or no comment. 
Clinical otologic diagnoses included no evidence of 
disease, serous otitis media, chronic otitis media, 
otosclerosis, temporal bone fracture, acoustic 
trauma, labyrinthitis, presbycusis, ototoxicity, sud- 
den hearing loss, mumps, measles, syphilis, multi- 
ple sclerosis, acoustic neuroma, Paget's disease, 
hereditary sensorineural hearing loss, vestibular 
neuronitis, Meniere's syndrome, benign paroxysmal 
positional vertigo, dysequilibrium of aging, cerebel- 
lopontine angle tumor, temporal bone tumor, 
metastatic brain tumor, sensorineural hearing loss 
(cause unknown), vertigo (probably peripheral), 
vertigo (probably central), vertigo (cause un- 
known), and tinnitus (cause unknown). The clinical 
diagnosis of Meniere's syndrome was made in strict 
accordance, with AAOO guidelines.?'*?? Cases were 
required to involve both vertigo and hearing loss. 
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Vertigo was required to be a spontaneously oc- 
curring sensation of movement occurring in well- 
defined episodes. More than one episode was neces- 
sary. Each episode could be of varied severity, had 
to be frequently accompanied by nausea and some- 
times vomiting, and had to be persistent for a pro- 
longed period of time (20 minutes to no more than 
24 hours). The patient had to be oriented and con- 
scious throughout the episode and have no neuro- 
logic accompaniment or sequelae. The heering loss 
was required to be sensorineural and progressive, 
and fluctuating in the early stages. Patients with 
only cochlear or vestibular symptoms, but not both, 
were not placed in the Meniere’s syndrome» group, 
but in separate categories. 


All 125 cases meeting entry criteria for adequate 
antemortem clinical history and availability of both 
bones underwent histopathologic scoring. Com- 
plete temporal bone sets for each case were re- 
viewed, and seven representative sections from each 
bone were selected by one of the authors (S.N.M.). 
These included midmodiolar for the cochlea, mid- 
macular and mid-inferior utricular recess for the 
utricle, midmacular for the saccule, and midcristal 
for each of the three ampullae. All slide markings 
were masked and the slides presented in a coded 
order to one of the authors (S.D.R.), who scored the 
histopathologic findings according to a strict proto- 
col. Thus, the slides for any one case would be 
mixed with all the slides of other cases in an order 
allotted by use of a random number table. 


The position of the membranes of the endolym- 
phatic labyrinth in each slide was scored ss being 
normal, hydropic, ruptured, collapsed, or indeter- 
minate. Hydrops was rated further as mild, moder- 
ate, or severe. Rupture was interpreted as normal, 
hydropic, or indeterminate. Collapse was inter- 
preted as pathologic or artifactual. In the cochlea, 
the position of Reissner's membrane in each turn 
from base to apex was examined. Hydrops was de- 
fined as any convexity of the membrane (in direc- 
tion of scala vestibuli). Each hydropic turn was 
scored as mild (convexity less than halfway to scalar 
wall of modiolus), moderate (convexity more than 
halfway to scalar wall of modiolus) or severe (mem- 
brane abutting scalar wall of modiolus). In zhe ab- 
sence of volumetric reconstructions, objective cri- 
tería that define saccular, utricular, or ampullary 
hydrops are difficult to quantify. The ratings as- 
signed in this study were based upon comparisons 
with normal temporal bone anatomy. Seccular 
hydrops was classified as being mild (dilatation of 
saccular membrane, but less than halfway to stapes 
footplate), moderate (dilatation more than halfway 
to stapes footplate), or severe (majority of saccular 
membrane abutting stapes footplate). Utricular and 
ampullary hydrops were judged to be mild (dilata- 
tion with minimal abutment of bony labyrinth 
wall) or severe (dilatation with majority of mem- 


TABLE 1. TEST-RETEST RELIABILITY STATISTICS 


Moore gods x 


Cochlea 0.28 0.92 0.89 
Saccule 0.47 0.91 0.84 
Utricle (midmacular) 7 1.00 1.00 
Utricle (inferior recess) 0.88 0.80 0.38 
Ampullae 
Superior 0.51 0.90 0.80 
Lateral 0.73 0.95 0.82 
Posterior 0.65 0.95 0.86 
Pisos there was no test-retest variance, expected score was not calcu- 


brane abutting bony labyrinth wall). All of the his- 
topathologic scoring was done without knowledge 
of any clinical information. 


Endolymphatic hydrops in a temporal bone was 
defined, for the purpose of this study, as hydrops 
present in any part of the membranous labyrinth 
with the exception of pure apical cochlear hydrops. 
This was based on the observations by Yamashita 
and Schuknecht? that pure apical endolymphatic 
hydrops occurs in about 15% of human cochleae; 
that it cannot be correlated with any type of ear dis- 
ease; and that it is probably of no pathologic or 
functional significance. After completion of histo- 
pathologic scoring, complete sets of slides of bones 
with endolymphatic hydrops were reviewed (by 
scorers still blinded to the clinical histories) to deter- 
mine whether the hydrops appeared to be "idio- 
pathic” (without recognizable predisposing patho- 
logic features) or “secondary” to factors (such as 
surgical trauma, labyrinthitis, and syphilis) known 
to be associated with hydrops. 


Internal consistency of histopathologic scoring 
was tested by presentation of 8% of the sections for 
randomly repeated scoring without informing the 
scorer that sections could be repeated. Sections re- 
peated were divided equally among cochleae, sac- 
culi, utriculi, and ampullae. About 80% had been 
scored as “normal” and 20% “pathologic” at the 
time of the first scoring. Test-retest reliability was 
determined by use of the kappa (x) statistic accord- 
ing to generally accepted standards as described by 
Landis and Koch.** 


Thus, the clinical scoring, random coding of 
slides, and histopathologic scoring were each per- 
formed by three different individuals (B.A.T., 
S.N.M., and S.D.R., respectively) with rigid adher- 
ence to the double-blind protocol to prevent scoring 
bias. After all of the scoring for clinical reports and 
temporal bone sections was completed, the code 
was broken and the data were analyzed. 


RESULTS 


First, data from the histopathology phase of the 
work will be presented. Test-retest reliability (x) 
statistics are detailed in Table 1. Kappa values of 
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TABLE 2. DISTRIBUTION OF ENDOLYMPHATIC 
HYDROPS VERSUS CLINICAL DIAGNOSIS OF 
MENIERE’S SYNDROME 








Hydrops Hydrops 

Present Absent 
Meniere’s syndrome 13 0 
No Meniere’s syndrome 6 100 


Cases of secondary hydrops omitted (see text). 


>0.75 are considered excellent agreement between 
test and retest. Values of 0.40 to 0.75 are fair to good 
and values <0.40 are low agreement. Values of x 
ranged from 0.80 to 1.0 for cochlear, saccular, mid- 
macular utricular, and all midampullary scores. Mid- 
inferior utricular recess scores had a x value of 0.38. 
Thus, with the single exception of the inferior utric- 
ular recess, there is excellent test-retest reliability 
for the histopathologic scoring system. 


Twenty-five patients were scored as having endo- 
lymphatic hydrops in at least one ear. Six of these 
were scored as having secondary hydrops on the 
basis of coexistence of other pathologic changes in 
their temporal bones. Two patients (cases 13 and 
85) had surgical trauma to the inner ear from stape- 
dectomy, one (case 40) had labyrinthitis due to ac- 
tive erosive chronic otitis media with osteitis, one 
(case 90) had tertiary syphilis, one (case 46) had in- 
tralabyrinthine acoustic neuroma, and one (case 83) 
had multiple histopathologic abnormalities includ- 
ing endolymphatic hydrops, cupulolithiasis of the 
posterior ampulla, acoustic neuroma, and arach- 
noid cyst with degeneration of vestibular nerves 
that precluded accurate comparisons between 
symptoms and histopathology. The 19:remaining 
patients had idiopathic endolymphatic hydrops in 
at least one ear. Of these, 13 had clinical Meniere's 
syndrome (Table 2). The ratio of male to female in 
this subset was 7:6, with an average age of 70 years 
(range, 58 to 83). Six patients with idiopathic endo- 
lymphatic hydrops in at least one ear did not carry a 
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clinical diagnosis of Meniere's syndrome. All were 
male and the average age was 66 years (range, 35 to 
91). 


There were seven cases of episodic vertigo with- 
out associated hearing loss or neurologic manifesta- 
tions. Of these, three (cases 26, 114, and 119) in- 
volved episodic vertigo of a nature indistinguishable 
from that of clinical Meniere's syndrome: spinning 
vertigo with nausea and vomiting lasting minutes to 
hours (so-called “vestibular” Meniere's?"). None of 
these three patients had endolymphatic hydrops; 
two had no observable histopathologic changes in 
their temporal bones, and one had atrophy of the 
lateral ampullary nerve. Each of the four remaining 
patients (cases 6, 45, 78, and 106) had episodic ver- 
tigo lasting less than 5 minutes. Again, none had en- 
dolymphatic hydrops; two had cupulolithiasis of 
the posterior ampulla, one had pathologic collapse 
of the vestibular membranous labyrinth, and one 
had no observable histopathologic abnormalities. 
In our study population there were no cases of docu- 
mented fluctuating sensorineural hearing loss with- 
out vertigo (so-called “cochlear” Meniere's?'). 


Each and every patient assigned a clinical diag- 
nosis of Meniere's syndrome had idiopathic cochleo- 
saccular hydrops in at least one ear (Table 3). Five 
of these 13 cases had bilateral cochleosaccular hy- 
drops. Eight of the 13 also had additional utricular 
and/or ampullary hydrops in the afflicted ear. In all 
patients with unilateral endolymphatic hydrops the 
hydropic ear had worse hearing; all patients with 
bilateral endolymphatic hydrops had bilateral hear- 
ing loss. Of a total of 127 cochlear turns rated in the 
Meniere's temporal bones, 78 (61.4%) were hy- 
dropic, of which three (3.8%) were rated as mild, 
23 (29.5%) moderate, and 47 (60.3%) severe, and 
five (6.4%) showed rupture with hydrops. Seven- 
teen of 26 (65.4%) sacculi were hydropic, of which 
one (5.9%) was mild, two (11.8%) were moderate, 





TABLE 3. HISTOPATHOLOGIC SCORES IN 13 CASES ASSICNED CLINICAL DIAGNOSIS OF MENIERE'S SYNDROME 
Right Ear Left Ear 


Cochlear Turns 


Cochlear Turns 








Zo: w* 2. . Utride `  Ampulae 8123 4 5 Utride ` — Ampullae — 
Case Base Middle Apex Saccue A B | S L P Base Middle Apex Saccule A B S L P 
17 44 43 4 4 l 10 8 l 6 444 4 1 H l 2 2 6 
23 1 19 1 10 l H l l l l 4999 2 2 l 10 l l l 
25 43 6 4 4 9 9 l l l KL a I. d 4 ] l l l l 
27 4 4 44 4 10 2 10 6 l 6 444 4 6 4 2 4 2 6 6 
502 1 1 11 3 $ l 5 H l 9 444 4 4 4 7 2 l 7 l 
55 10 10 10 10 10 7 10 7 10 l 7 946 4 4 6 10 2 10 10 l 
Së . 1 Il 1i 1 l l l 5 l l l 6 4 6 10 10 4 l 5 l 5 l 
6 3 3323 9 3 l l l l l i ft X d l 5 l l 9 l l 
70 7 99 1 2 l l l l l ] A A A 3 4 6 l 6 l l l 
Zë IELI H l l l l l l 4 4 4 4 4 4 2 l 6 6 2 
87 4393 3 3 ] l 9 l 9 331 3 3 4 9 10 9 9 9 
108 LEE l o 9 3 l l l 4 4 4 4 4 4 B 4 8 6 4 
1244 4444 4 4 6 6 6 6 6 333 3 3 4 2 6 l 6 ] 

A — midmacular, B — mid-inferior utricular recess, S — superior, L — lateral, P — posterior, 1 — normal, 2 —mild hydrops, 3 — moderate hy- 


drops, 4 — severe hydrops, 5 — rupture (normal), 6 — rupture (hydrops), 7 — rupture (indeterminate), 8 — pathologic collapse, 9 — artifactual 


collapse, 10 — could not be scored. 
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TABLE 4. HISTOPATHOLOGIC SCORES IN SIX CASES OF IDIOPATHIC HYDROPS IN AT LEAST 
ONE EAR NOT ASSIGNED CLINICAL DIAGNOSIS OF MENIERE’S SYNDROME 


Right Ear Left Ear 








Cochlear Turns Cochlear Turns 
1234 5 Utricle Ampullae 1234 5- Utricle Ampullae 
Case Base Middle Apex Saccule A B S L P Base Middle Apex Saccule A B S L P 
9 1 1199 9 9 l 1 1 1 1 3663 4 4 1 5 2 8 i 
38 098 91 9 8 H 1 1 1 l 9999 9 2 1 1 l 1 l 
39 1 I 1 1 ] 2 1 l 1 1 l 1181 1 9 l l l 1 1 
68 12 I l 3 6 2 1 2 1 2 3332 3 4 2 8 8 8 8 
03 9999 1 9 l 1 1 1 l 9992 3 l l 1 1 1 l 
D 4444 4 4 4 l 2 8 4 4444 4 4 8 l 1 1 l 


A — midmacular, B — mid-inferior utricular recess, S — superior, L — lateral, P — 


drops, 4 — severe hydrops, 5 — rupture 


and 12 (70.5%) were severe, and two (11.8%) 
showed rupture with hydrops. Thirty-one of 130 
(23.8%) utriculoampullary sections were hydropic, 
with ten (32.3%) mild, and four (12.9%) severe, 
and 17 (54.8%) scored as having rupture with hy- 
drops. 


Two of the six non-Meniere idiopathic endolym- 
phatic hydrops group (Table 4) showed only mild 
unilateral saccular hydrops (cases 36 and 39). One 
patient had mild unilateral cochlear hydrops (case 
93). The other three cases (9, 62, and 94) in this 
group showed diffuse endolymphatic hydrops with 
preservation of neurosensory elements in at least 
one ear. The hydropic changes in their membranous 
labyrinths were similar in location and severity to 
those in temporal bones from patients with Me- 
niere's syndrome (Fig 2). Of a total of 20 cochlear 
turns (from ears with histopathologic evidence of 
viable neurosensory elements) in these latter three 
cases, 12 (60.0%) were hydropic, of which one 
(8.396) was rated as mild, three (25.0%) moderate, 
and six (50.0%) severe, and two (16.7%) showed 
rupture with hydrops. Three of four (75.0%) sac- 
culi in this group were hydropic, with one (33.3%) 
showing rupture with hydrops and the other two 
(66.7%) being severely hydropic. Nine of 20 
(45.0%) utriculoampullary sections were hydropic, 
with five (55.6%) mild and two (22.2%) severe, 
and two (22.2%) scored as having rupture with hy- 
drops. The six non-Meniere hydropic cases will now 
be described in more detail. 


CASE DESCRIPTIONS 
CASE 9 


At the age of 78 this man was hospitalized for 
treatment of squamous cell carcinoma of his right 
maxillary sinus. He reported having hearing loss in 
both ears for several years, and that it was worse on 
the left. He had occasional tinnitus. He denied ver- 
tigo. He had a history of exposure to noise as a fac- 
tory worker. An audiogram 6 days before death 
showed a gently down-sloping, moderate to severe 
sensorineural hearing loss in the right ear and a 
severe to profound sensorineural hearing loss, worse 
in the low frequencies, in the left ear. Speech dis- 


posterior, 1 — normal, 2 — mild hydrops, 3 — moderate hy- 


(normal), 6 — rupture (hydrops), 8 — pathologic collapse, 9 — artifactual collapse. 


crimination was 92% on the right and 60% on the 
left. He died of cardiopulmonary arrest. 


Histopathology of Right Inner Ear. Reissner’s 
membrane is collapsed onto the organ of Corti in 
the middle and apical turns. The hair cell popula- 
tion and stria vascularis appear to be normal. There 
is partial loss of cochlear neurons in the basal turn. 
The saccular wall is partially collapsed (artifactual) 
onto the macula. The saccular macula appears nor- 
mal. The utricle and ampullae, their neurosensory 
elements, the vestibular nerves, and the bony laby- 
rinth appear normal. 


Histopathology of Left Inner Ear. There is mod- 
erate to severe endolymphatic hydrops in all coch- 
lear turns. There are tears of the basilar membrane. 
The hair cell population of the organ of Corti and 
the stria vascularis appear normal. There is a par- 
tial loss of cochlear neurons in the basal turn. There 
is severe hydrops of the saccule; its wall has herni- 
ated into the common crus and appears to compress 
the utriculoendolymphatic valve. The saccular 
macula appears normal. The utricle and its macula 
appear normal. There is mild hydrops of the superi- 
or ampulla and hydrops with rupture of the lateral 
ampulla. The posterior ampulla appears normal. 
All cristae, vestibular nerves, and the bony laby- 
rinth appear normal. 


COMMENT. This patient had bilateral severe sen- 
sorineural hearing loss without vertigo. He received 
a diagnosis of presbycusis in our clinical summary. 
There are no observable histopathologic changes in 
the inner ears to explain his hearing loss. There is 
moderately severe endolymphatic hydrops in the 
left ear involving the cochlea, saccule, and ampul- 
lae with preservation of neurosensory elements. 


CASE 36 


At the age of 74 this man complained of gradual- 
ly progressive hearing loss in both ears for 4 years 
with tinnitus (side not specified). He denied vertigo. 
The left tympanic membrane was thickened and the 
right showed a dry subtotal perforation. Audiom- 
etry showed a bilateral, symmetric, flat, severe sen- 
sorineural hearing loss with a superimposed con- 
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ductive component on the right. Speech diserimina- 
tion scores were 54% on the right and 40% on the 
left. He died 5 years later of pulmonary edema. 


Histopathology of Right Inner Ear. Reissner's 
membrane is collapsed onto the organ of Corti in 
most turns. There is scattered loss of outer hair cells 
in the basal turn. The stria vascularis shows large 
areas of patchy atrophy in the apical half of the 
cochlea. There is a loss of about 20% of cochlear 
neurons in the basal turn and about 30% to 40% in 
the middle and apical turns. The saccular wall is 
partially collapsed (artifactual). The saccular 
macula appears normal. The utricular and ampul- 
lary membranes and their sense organs, the vestib- 
ular nerves, and the bony labyrinth appear normal. 


Histopathology of Left Inner Ear. Reissners 
membrane is collapsed onto the organ of Corti in all 
turns. There is scattered loss of outer hair cells in 
the basal turn. The stria vascularis is atrophic in the 
apical half of the cochlea. There is a loss of about 
20% of cochlear neurons in the basal turn and 
about 30% to 40% in the middle and apical turns. 
There is mild hydrops of the saccule with prolifera- 
tion of cellular tissue that bridges across its lumen 
from the otoconia to the lateral membranous wall. 
It consists of clumps and sheets of cells with amor- 


Fig 2. Comparison of distribution and severity of endolymphatic 
hydrops. Shaded bars — 13 patients with clinical diagnosis of 
Meniere's syndrome, white bars — three patients with diffuse en- 
dolymphatic hydrops but not clinically diagnosed as having 
Meniere's syndrome. A) Cochlea. B) Saccule. C) Utricle and am- 
pullae. 
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phous, lightly staining, basophilic material scat- 
tered in between. The nature of this tissue is un- 
clear. The saccular macula appears normal. The 
utricle and its macula, all ampullae and their cris- 
tae, the vestibular nerves, and the bony labyrinth 
appear normal. 


COMMENT. This patient had bilateral severe sensor- 
ineural hearing loss without vertigo. He was as- 
signed clinical diagnoses of presbycusis and chronic 
otitis media. The sensorineural hearing loss can be 
explained on the basis of strial atrophy and loss of 
cochlear neurons. There is mild saccular hydrops on 
the left with preservation of neurosensory elements. 


CASE 39 


At the age of 46 this man experienced the simul- 
taneous onset of sudden vertigo, tinnitus, and hear- 
ing loss in both ears. The vertigo resolved within 24 
hours. Hearing returned to normal in the left ear 
within 12 hours, but the loss persisted in the right 
ear. Findings of the otologic examination were 
otherwise negative. An audiogram taken 5 days 
later showed a severe, flat, sensorineural hearing 
loss in the right ear with 0% speech discrimination. 
He was hospitalized and treated with intravenous 
histamine and Rheomacrodex. Serial audiograms 
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showed hearing improvement over a 5-day period 
to a mild, low frequency, sensorineural hearing loss 
with 60% discrimination. By the following day, 
hearing was subjectively normal. He died 2 days 
later of acute renal failure. 


Histopathology of Right Inner Ear. Reissner's 
membrane appears in its normal position. The hair 
cell population of the organ of Corti, stria vascu- 
laris, and cochlear neuronal population appear nor- 
mal. There is mild hydrops of the saccule, with a 
wide opening into the endolymphatic sinus. The 
saccular macula appears normal. The utricle and 
ampullae and their sense organs, the vestibular 
nerves, and the bony labyrinth appear normal. 


Histopathology of Left Inner Ear. There is col- 
lapse of Reissner’s membrane onto the organ of Cor- 
ti in the middle turn. The hair cell population of the 
organ of Corti, the stria vascularis, and the cochlear 
neuronal population appear normal. The saccule 
opens widely into the endolymphatic sinus. Its wall 
appears to be artifactually collapsed onto the macu- 
la. The saccular macula appears normal. The utri- 
cle and ampullae and their sense organs, the vestib- 
ular nerves, and the bony labyrinth appear normal. 


COMMENT. This patient was assigned diagnoses of 
sudden hearing loss and vertigo (cause unknown) in 
our clinical summary. Both inner ears appear to be 
normal except for mild saccular hydrops on the 
right side. There is no clear histopathologic indica- 
tion as to what caused the vertigo and bilateral 
hearing loss. The simultaneous and sudden onset of 
hearing loss in both ears and gradual recovery of 
hearing in one ear over a 10-day interval are incon- 
sistent with a clinical diagnosis of Meniere's syn- 
drome. 


CASE 62 


At the age of 31 this man stated that he had had a 
profound hearing loss in his left ear since childhood 
that he attributed to mumps. He complained of 
constant, low-pitched tinnitus in his right ear and 
fluctuating hearing on that side related to episodes 
of nasal congestion. The findings on otologic exami- 
nation were normal. Audiometry showed a pro- 
found left-sided sensorineural hearing loss and nor- 
mal hearing on the right with 100 % speech discrim- 
ination. At the age of 34 he complained of tinnitus 
in his right ear for 5 days following an upper respir- 
atory tract infection. He denied hearing loss in the 
right ear and denied vertigo. An audiogram again 
revealed the unilateral left profound hearing loss. 
There was also a mild, low frequency sensorineural 
hearing loss in the right ear (decrease of 15 dB at 
250 Hz and 5 dB at 500 Hz compared to the audio- 
gram done 4 years earlier). Speech discrimination 
was 100% on the right. He died 5 months later of 
bronchopulmonary aspiration and cardiac arrest. 


Histopathology of Right Inner Ear. There is mild 


endolymphatic hydrops in the upper basal turn of 
the cochlea and moderate hydrops in the apical 
turn. The hair cell population of the organ of Corti, 
the stria vascularis, and the cochlear neuronal pop- 
ulation appear normal. There is hydrops with rup- 
ture of the saccule. Most of the saccular macula ap- 
pears normal. There is a small, localized area of 
atrophy in the anterior third of the macula with cel- 
lular encapsulation of the overlying otolithic mem- 
brane. There is mild hydrops of the utricle, superior 
ampulla, and posterior ampulla. The macula of the 
utricle and all cristae appear normal. The vestibu- 
lar nerve fibers and bony labyrinth appear normal. 


Histopathology of Left Inner Ear. There is mod- 
erately severe endolymphatic hydrops involving all 
turns of the cochlea. There are only scattered hair 
cells present in the middle and apical turns. The 
tectorial membrane is spherically deformed and en- 
capsulated in the basal and middle turns and is 
missing in parts of the middle and apical turns. 
There is partial patchy atrophy of the stria vascu- 
laris. There is partial loss of cochlear neurons in the 
basal turn. The saccule shows severe endolymphatic 
hydrops, with complete degeneration of its macula. 
The utricle is also hydropic, with severe atrophy of 
its macula. The ampullary walls are distorted as a 
result of pathologic collapse. All cristae are severely 
atrophic. There is a loss of about 50% of the vestib- 
ular neurons. The bony labyrinth appears normal. 


COMMENT. The diagnoses assigned in our clinical 
summary were sensorineural hearing loss in the left 
ear due to mumps and eustachian tube dysfunction 
on the right. It is possible that there was an insult to 
the inner ear during childhood that destroyed all 
auditory and vestibular function in the left ear. 
Hence, the endolymphatic hydrops in that ear 
would be asymptomatic. On the contralateral side, 
there is hydrops of the cochlea, saccule, utricle, and 
ampullae with apparent preservation of neurosen- 
sory elements. 


CASE 93 


This man was examined at the age of 65 for recur- 
rent dizzy spells for 5 years. He felt off balance, as if 
he might fall. The spells lasted for 1 to 1'/, minutes, 
after which he felt unsteady for another 5 minutes. 
Sitting up rapidly provoked transient dizziness, 
sometimes with nausea. He also had neurologic 
symptoms including bitemporal and vertex head- 
aches, paresthesias and pain in the left upper ex- 
tremity, incoordination of the left hand, and dys- 
phagia. Results of otologic and neurologic examina- 
tions were normal except for positional testing, 
which provoked brief vertigo and nausea on sitting 
up but without nystagmus. There was a loud, 
harsh, systolic bruit in the left supraclavicular area. 
Audiometry showed bilateral sensorineural hearing 
loss. On the right, there was a flat 20-dB loss to 
1,000 Hz and a flat loss of 50 to 60 dB from 2,000 to 
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8,000 Hz. On the left, there was an ascending-pat- 
tern hearing loss for frequencies below 1,000 Hz 
and a descending pattern for frequencies above 
1,000 Hz. Speech discrimination scores were 88 % 
on the right and 90% on the left. Bithermal caloric 
testing showed a borderline reduced vestibular re- 
sponse (20% difference) on the left. Angiography 
revealed an ulcerated atherosclerotic plaque at the 
origin of the left subclavian artery with slight steno- 
sis of the origin of the left vertebral artery. These 
changes were judged hemodynamically insignifi- 
cant. Fifteen months later the patient complained 
of increasing dizziness and headaches. He also com- 
plained of progression of hearing loss that was 
worse on the left. He had occasional visual distur- 
bance in the left visual field with brief horizontal 
diplopia. Neurologic examination showed incoordi- 
nation of the left hand with unsteadiness on tandem 
walking. The Rinne test was positive bilaterally and 
the Weber lateralized to the left. He died 1 month 
later of cerebral infarction. 


Histopathology of Right Inner Ear. Reissners 
membrane is collapsed onto the organ of Corti in all 
turns except the apical. The hair cell population of 
the organ of Corti appears normal except for mild 
scattered loss in the upper basal turn. There is 
patchy atrophy of the stria vascularis in the apical 
half of the cochlea. The cochlear neuronal popula- 
tion appears normal. There is partial collapse (arti- 
factual) of the saccular wall. The saccular macula, 
the utricle and its macula, all ampullae and their 
cristae, the vestibular nerve fibers, and the bony 
labyrinth appear normal. 


Histopathology of Left Inner Ear. There is mild 
endolymphatic hydrops of the upper middle turn of 
the cochlea and moderate hydrops of the apical 
turn. In the lower middle and basal turns, 
Reissner’s membrane is partially collapsed onto the 
organ of Corti. The hair cell and cochlear neuronal 
populations appear normal. There is partial patchy 
atrophy of the stria vascularis in the apical half of 
the cochlea. The saccular wall is folded back on 
itself, and it is possible that it was mildly hydropic 
during life. The saccular macula appears normal. 
The vestibular nerve trunks have been avulsed from 
the internal auditory canal. The vestibular nerve 
fibers as judged by their appearance in the cribrose 
areas appear normal. The bony labyrinth appears 
normal. 


COMMENT. This patient was assigned a clinical 
diagnosis of vertigo (cause unknown). There is mild 
hydrops of the cochlea and possibly of the saccule in 
the left ear, with normal-appearing neurosensory 
structures. The clinical symptoms do not meet the 
AAOO criteria for Meniere’s syndrome. It is pos- 
sible that the vertigo was central in origin. 


CASE 94 
At the age of 78 this man presented for evaluation 


of a right-sided hearing loss of 7 weeks’ duration 
that had evolved over a 1-week period. He reported 
having hearing loss in the left ear since the age of 
20. Results of an otologic examination were normal. 
Audiometry showed a bilateral, flat, symmetric, 
70-dB sensorineural hearing loss with speech dis- 
crimination scores of 4% on the right and 28% on 
the left. At age 84, repeat audiometry showed a 
symmetric 10-dB progression of the hearing loss in 
both ears, with speech discrimination scores of 20 % 
in each ear. At this time he denied vertigo and tin- 
nitus. He died at age 91 of renal failure. 


Histopathology of Right Inner Ear. There is se- 
vere endolymphatic hydrops throughout the co- 
chlea. The organ of Corti has hair cells throughout 
all turns. There is severe atrophy of the stria vascu- 
laris in all turns. There is a partial loss of cochlear 
neurons in the basal turn. There is severe hydrops of 
the saccule, and its wall has herniated deeply into 
the common crus. There is proliferation of fibrous 
tissue on the vestibular side of the stapes footplate. 
The utricle is severely hydropic. The saccular and 
utricular maculae appear normal. There is hydrops 
of all ampullae. The cristae appear normal. The 
vestibular nerve trunks have been avulsed from the 
internal auditory canal; however, the vestibular 
nerve fibers appear to be normal in all cribrose 
areas. The bony labyrinth is normal. 


Histopathology of Left Inner Ear. There is severe 
endolymphatic hydrops throughout the cochlea. 
There are hair cells present throughout the organ of 
Corti. The stria vascularis is severely atrophic in all 
turns. There is partial loss of cochlear neurons in 
the basal turn. There is severe hydrops of the sac- 
cule with a thick layer of irregularly granular, baso- 
philic material between its wall and the macula. 
There are areas of focal degeneration of the saccular 
macula. There is hydrops with rupture of the utri- 
cle. There is partial loss of sensory cells of the utric- 
ular macula. The ampullary walls appear to be nor- 
mal. There is severe loss of sensory cells in all cris- 
tae; only supporting cells remain. There is severe 
degeneration of the vestibular nerve fibers as judged 
by their appearance in the cribrose areas. The bony 
labyrinth appears normal. 


COMMENT. This patient was assigned a clinical 
diagnosis of presbycusis. He had no vertigo, despite 
having bilateral, severe, diffuse, endolymphatic hy- 
drops with preservation of neurosensory elements 
on the right side. 


DISCUSSION 


The objective of this study was to utilize strict ad- 
herence to a double-blind research protocol to assess 
whether a correlation exists between the clinical 
diagnosis of Meniere's syndrome and the histopath- 
ologic finding of endolymphatic hydrops. The find- 
ing that endolymphatic hydrops (at least cochleo- 
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saccular) was present in 100% of temporal bones 
from patients with the clinical diagnosis of Me- 
niere's syndrome establishes this correlation. Such a 
correlation, however, does not imply a cause-and- 
effect relationship. The central dogma of endolym- 
phatic hydrops as the common pathway between 
cause and clinical symptoms implies that all pa- 
tients with clinical Meniere's syndrome should have 
endolymphatic hydrops and that all patients with 
endolymphatic hydrops should manifest the syn- 
drome, unless some other factor blocks or masks de- 
velopment of the typical symptoms of fluctuating, 
progressive sensorineural hearing loss, episodic ver- 
tigo, and tinnitus. Our finding of cases meeting the 
histopathologic criteria for endolymphatic hydrops 
but failing to demonstrate the clinical presentation 
of Meniere's syndrome raises questions about the va- 
lidity of this dogma. If the dogma is to survive, 
some explanation must be offered to account for the 
absence of clinical Meniere's syndrome in such 
cases. 


It is possible that loss of peripheral neurosensory 
elements (perhaps at the submicroscopic level) or 
some CNS disorder affecting the auditory and/or 
vestibular pathways might mask or block the ap- 
pearance of clinical symptoms. Also, there are vul- 
nerabilities inherent in any retrospective study, 
such as the presence of clinical symptoms not ob- 
served or documented in the medical record. Alter- 
natively, symptoms may have developed during the 
interval between the last otologic examination and 
death. Our study protocol was designed to mini- 
mize such possibilities. The patients in cases 9, 62, 
and 94 had their last otologic encounters 6 days, 5 
months, and 5'/⁄ years prior to death, at which time 
they denied suffering from vertigo. Another pos- 
sible explanation is inadequate time between devel- 
opment of hydrops and death to permit onset of 
clinical symptoms. Schuknecht and Gulya?! pro- 
posed that asymptomatic endolymphatic hydrops 
could be explained by hydrops that did not progress 
to rupture or by the development of spontaneous 
permanent fistulization of the membranous laby- 
rinth. An integral part of this explanation is the 
concept that progressive endolymphatic distension 
results in ruptures of the membranous labyrinth 
that in turn cause symptoms by contamination of 
the perilymphatic space with endolymph. The con- 
cept of membrane rupture as the essential patho- 
physiologic mechanism remains a viable hypothesis 
as far as our results are concerned, although it may 
present other difficulties.?5?* It would be necessary 
to survey complete sets of serial sections of the entire 
membranous labyrinth to assess the incidence and 
location of ruptures accurately. Furthermore, it is 
difficult to determine with certainty whether such 
ruptures are pathologic or artifactual. Finally, the 
possibility of healed ruptures is difficult to assess. In 
any case, the concept that cochleosaccular hydrops 
is a precondition for rupture that leads to the ex- 
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Fig 3. Proposed modification of central dogma for Me- 
niere’s syndrome: some factor or number of factors (as yet 
unknown) that affect fluid management within inner ear 
produces both clinical symptoms and endolymphatic hy- 
drops. 


pression of both auditory and vestibular symptoms 
remains intact. 


It is conceivable that some factor or number of 
factors that affect fluid management within the in- 
ner ear produce both the clinical symptoms of Me- 
niere’s syndrome and endolymphatic hydrops, in 
which case the hydrops would be an epiphenome- 
non (Fig 3). Prime candidates include metabolic, 
biochemical, and hydrostatic alterations. Such pos- 
sible factors, however, remain vague and specula- 
tive at the present time. Until the pathophysiology 
is better understood, we must admit that we cannot 
account for the association of episodic vertigo and 
hearing loss with endolymphatic hydrops. 


Current therapeutic techniques for Meniere’s 
syndrome can be divided broadly into destructive 
procedures and methods aimed at amelioration of 
hydrops. Destructive procedures such as labyrin- 
thectomy and vestibular neurectomy clearly have a 
higher success rate than approaches meant to con- 
trol hydrops, such as diuretics or salt restriction, sac 
drainage or decompression, and round window 
cochleosacculotomy. If indeed the development of 
endolymphatic hydrops is an epiphenomenon of the 
development of hearing loss and vertigo, then there 
is no clear rational basis for therapy to relieve hy- 
drops per se. The reported success rates of hydrops- 
relieving therapies are all in the range of 60% to 
80% 27 which is close to the reported rate of sponta- 
neous remission (71%) of Meniere's symptoms.?? 


This study is obviously only an initial step. The 
number of cases available for analysis was small, 
despite our having reviewed the entire temporal 
bone collection at the Massachusetts Eye and Ear 
Infirmary. More powerful conclusions may be 
drawn by continuation of this study by application 
of the same protocol to other temporal bone collec- 
tions. The more difficult questions of possible corre- 
lation of histopathology with specific symptoms or 
with the course of disease, evaluation of the role of 
membrane ruptures, interpretation of diagnostic 
test results, and examination of the scientific basis 
of therapy will require well-controlled prospective 
clinical studies with detailed data acquisition and 
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careful postmortem temporal bone analysis. In par- 
ticular, the practicing physician might do well to 
inquire specifically about the occurrence of tinnitus 
or "fullness" in the ear, and record a detailed de- 
scription of these symptoms when present. We had 
to omit these symptoms from our study because of 
the infrequency of notation as to whether the ques- 
tions were asked by the physicians. 


CONCLUSION 


This study shows that clinical Meniere's syn- 
drome and cochleosaccular endolymphatic hydrops 
demonstrated histopathologically at death are closely 
related. The full-blown, classic case of Meniere's 
syndrome with both auditory and vestibular symp- 
toms apparently has an inevitable pathologic cor- 
relate in idiopathic endolymphatic hydrops. How- 
ever, idiopathic endolymphatic hydrops need not 





be accompanied by an expression of the symptoms 
of Meniere's syndrome. It seems prudent to reevalu- 
ate the connection between endolymphatic hydrops 
and the clinical symptoms of Meniere's syndrome. 


One direct way to confirm or refute these obser- 
vations will lie in the future ability to image the en- 
dolymphatic space in living subjects. Kiang”? points 
out that the differences in chemical composition 
among endolymph, perilymph, and soft tissues 
might make it possible someday to image the endo- 
lymphatic space with sufficient resolution to moni- 
tor its shape in people with Meniere’s syndrome so 
that the dynamic events could be followed over 
time. Such technical advances would relieve us of 
the present constraint of trying to correlate medical 
histories involving many years with the histopatho- 
logic appearance of temporal bone structures at one 
point in time. 
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SOFT TISSUE SURGERY WORKSHOP 


The Cleveland Clinic Foundation is sponsoring a continuing education program entitled Soft Tissue Surgery Workshop, to be held 
February 1-2, 1990, at The Clinic Center Hotel in Cleveland. F or further information, contact The Cleveland Clinic Education Founda- 
tion, Department of Continuing Education, 9500 Euclid Avenue, TT31, Cleveland, OH 44195-5241: 444-5696 (local), (800) 762-8172 
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EFFECTS OF UNILATERAL LOSS OF VESTIBULAR FUNCTION 
ON THE VESTIBULO-OCULAR REFLEX AND POSTURAL CONTROL 
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Long-term recovery from surgically induced unilateral loss of vestibular function was studied in 14 patients. Seven patients underwent 
surgical extirpation or section of the vestibular nerve, and seven patients underwent labyrinthectomy without vestibular nerve section. The 
vestibulo-ocular reflex (VOR) and postural control were evaluated preoperatively and monitored for up to 4 years postoperatively with use 
of pseudorandom rotation (combined sinusoidal frequencies from 0,009 to 1.5 Hz) and moving platform posturography. Immediately fol- 
lowing surgery all patients showed minimal reductions in the VOR gain constant, but marked reduction in the time constant, and marked 
increase in slow eye velocity bias. Bias returned to normal values within about 10 days, but time constants never returned to normal values. 
Results of standard Romberg tests in these patients were normal throughout the preoperative and postoperative periods. However, all pa- 
tients showed marked postural control abnormalities in tests of the ability to maintain balance in unusual sensory environments in the im- 
mediate postoperative period. Seventy-five percent of the patients eventually recovered normal postural control. Postural control returned 


to near baseline performance with a time course similar to that of t 


the recovery of VOR bias was complete. 


he VOR bias. However, postural control also continued to improve after 


KEY WORDS — acoustic neuroma, Meniere’s disease, postural control, vestibular compensation, vestibular function tests, vestibulo- 


ocular reflex, vestibulo-spinal reflex. 


INTRODUCTION 


Studies of the vestibulo-ocular reflex (VOR) and 
postural control following unilateral loss of periph- 
eral vestibular function provide an important means 
of investigating how the CNS compensates for loss 
of peripheral sensory information. The VOR and 
postural control following unilateral peripheral ves- 
tibular lesions have been studied extensively, both 
in animals'~’ and in humans.*^'5 Following unilater- 
al loss, the gain of the VOR in response to low fre- 
quency (less than 0.1 Hz) sinusoidal rotation stimuli 
is reduced, and phase leads become apparent; gains 
also become directionally asymmetric, with gains 
for rotation toward the intact side higher than gains 
toward the lesioned side 57211 '? The time constant of 
the VOR, which reflects the function of the velocity 
storage mechanism of the central vestibular sys- 
tem,'* is reduced following unilateral loss of periph- 
eral vestibular function.’ '? Absolute gain reduction 
and gain asymmetries have been found to adapt fol- 
lowing acute unilateral lesions, but changes in the 
VOR time constant are permanent. Studies that 
have employed a large range of test frequencies also 
have shown that losses in gain at higher rotation fre- 
quencies (2 to 3 Hz) occur and can be detected up to 
4 years following acute unilateral Joes "77" Postural 
control abnormalities are present immediately fol- 
lowing unilateral loss of function in humans and 
animals,?-^*? but postural control often appears to 
recover fully in humans tested with eyes open or 
closed standing on a firm, immobile surface that 


provides good somatosensory cues for postural con- 
trol.? 


Despite this extensive previous work, many im- 
portant questions remain to be explored. Many of 
the studies of the VOR following unilateral lesions 
have been carried out by use of single frequency 
sinusoidal rotations (see, for example, Jenkins’’). 
Low frequency sinusoidal stimuli (less than 0.1 Hz) 
assess only the lower range of VOR function, and do 
not simulate natural head movements very effec- 
tively. Of the studies that have employed higher fre- 
quency stimuli, most of the assessments have been 
carried out on patients 6 months or more following 
the loss of function, and thus have not documented 
the acute compensatory phase of the recovery." $ 
Finally, the recovery of postural control following 
unilateral lesions has not been studied with tests 
that disrupt the sensory information normally avail- 
able from both vision and somatosensation. 


In order to begin to explore some of these ques- 
tions, we have studied both the VOR and postural 
control in 14 patients before and after surgically in- 
duced loss of vestibular function. Seven patients 
underwent surgical extirpation or section of the ves- 
tibular nerve, and seven patients underwent laby- 
rinthectomy. The VOR was evaluated with use of a 
pseudorandom rotation stimulus, which consists of 
a combination of sinusoidal frequencies ranging 
from 0.009 to 1.5 Hz. This broad frequency stimu- 
lus simulates natural head movements more closely 
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TABLE 1. PATIENT CHARACTERISTICS 


Observation 


Patient Age Sex Side Diagnosis Period (d) 


Vestibular nerve section 


H 50 M Left Meniere’s disease 369 
2 36 F Right Meniere’s disease 772 
3 47 M Right Meniere’s disease 197 
Acoustic neuroma 
4 50 M Left Acoustic neuroma, 545 
<l cm 
5 33 F Right Acoustic neuroma, 1,603 
2.5 cm 
6 42 F Left Acoustic neuroma, 1,324 
1.5 cm 
1 49 M Left Acoustic neuroma, 370 
1.5 cm 
Labyrinthectomy 
8 4] F Left Endolymphatic 125 
hydrops 
9 4] M Left Endolymphatic 97 
hydrops 
10 18 F Left Endolymphatic 289 
hydrops 
HH 65 F Right Endolymphatic 267 
hydrops 
12 85 F Right Meniere’s disease 245 
13 64 M Left Meniere’s disease 875 
14 66 F Right Cholesteatoma 322 


than low frequency single sine rotations. The pseu- 
dorandom stimulus appears random to the patient, 
and is thus more difficult to modify by voluntary ef- 
fort." Postural control was assessed in the same pa- 
tients by use of moving platform posturography,'* 
which assesses the patient's ability to control sway, 
both under standard Romberg conditions and in 
sensory environments lacking reliable visual and/or 
somatosensory information for postural control. 
Finally, in order to determine whether the course of 
recovery is influenced by the presence of residual 
neural signals from Scarpa's ganglion, the effect of 
the surgery and the time course of the recovery were 
compared across patient groups. 


METHODS 


SUBJECTS 


Fourteen patients 18 to 85 years of age partici- 
pated in this study between August 1983 and March 
1988 (Table 1). Patients accepted into this study 
were screened for signs of unilateral peripheral ves- 
tibular dysfunction at the time of surgery; patients 
with signs of bilateral disease were disqualified. 
Small unilateral acoustic neuromas arising from the 
superior branch of the vestibular nerve and not 
compressing the brain stem were removed from 
four patients: via a posterior fossa approach in three 
patients, and via a middle fossa approach in one 
(patient 6). Three patients with Meniere's disease 
underwent unilateral vestibular nerve sections via a 
middle fossa approach. Six patients with endolym- 
phatic hydrops/Meniere's disease and one patient 
with a cholesteatoma underwent unilateral laby- 
rinthectomy via a transmastoid approach. Thus, a 


total of seven patients underwent excision or section 
of the vestibular nerve, and seven patients under- 
went labyrinthectomy. 


PROCEDURE 


Design. All patients underwent preoperative 
evaluations consisting of standard audiometry, 
standard electronystagmography (including caloric 
testing at 30°C and 44°C), conventional positional 
and Hallpike testing, evaluation of saccadic and 
smooth pursuit eye movements, rotation testing of 
the VOR, and moving platform posturography. Ro- 
tation testing and moving platform posturography 
are described further below. Preoperative evalua- 
tions were completed within 1 month prior to 
surgery. After the operation, rotation testing and 
moving platform posturography were repeated (as 
patient compliance permitted) as soon as possible 
(usually within 1 week), and at 2 weeks, 1 month, 3 
months, 6 months, 1 year, and yearly intervals 
thereafter. Patients in this study have been observed 
for periods ranging between 97 days and 4"/, years. 


Rotation Tests of VOR. Patients were seated in a 
chair mounted on a 108 N:m velocity servocon- 
trolled motor (Contraves Goerz Corporation model 
824) that rotated them about an earth-vertical axis. 
Horizontal and vertical eye movements were re- 
corded by electro-oculography (EOG) with silver- 
silver chloride electrodes placed bitemporally and 
above and below one eye. The EOG calibrations 
were performed before and after each test. The 
EOG signals were low pass filtered (0 to 80 Hz) and 
sampled at 200 Hz (horizontal) and 50 Hz (verti- 
cal). Patients were rotated in the dark in a pseudo- 
random pattern, which consisted of a summation of 
eight discrete sinusoidal frequencies (0.0092, 0.021, 
0.046, 0.095, 0.18, 0.388, and 0.766 Hz with peak 
velocities of 15?/s, and 1.535 Hz with peak veloci- 
ties of 7.8°/s). The highest instantaneous velocity of 
the pseudorandom stimulus was about 80?/s. During 
each test, patients were given mental tasks to main- 
tain alertness. Stimulus delivery and data collection 
were controlled by a DEC LSI 11/73 computer. 


The EOG data were digitally filtered and differ- 
entiated to produce eye velocity, and fast phase eye 
movements were detected by a velocity threshold 
calculation and eliminated from the data record 
(procedure similar to that described by Barnes’’). 
For data from pseudorandom rotations, Fourier 
analyses were performed for both the slow eye 
movement velocity records and the chair velocity 
records. The VOR gain measures were derived by 
calculation of the ratio of the amplitudes of the 
Fourier components of the eye velocity to the chair 
velocity. Response phases (in degrees) were calcu- 
lated from the Fourier components of the chair ve- 
locity and the slow eye velocity. Phase values repre- 
sent the time shift of the slow eye velocity relative to 
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TABLE 2. SENSORY TESTS OF POSTURAL CONTROL 


EE 


Abnormal 

Condition Visual Surround Platform Normal Sensory Feedback Sensory Feedback 

l Fixed Fixed Vestibular, somatosensory, visual 

2 Eyes closed Fixed Vestibular, somatosensory 

3 Sway-referenced Fixed Vestibular, somatosensory Visual 

4 Fixed Sway-referenced Vestibular, visual Somatosensory 

5 Eyes closed Sway-referenced Vestibular Somatosensory 

6 Sway-referenced Sway-referenced Vestibular Visual, somatosensory 


the chair velocity. In the convention used here, a re- 
sponse with unity gain and zero phase represents a 
perfectly compensatory eye movement. In order to 
estimate the time constant of the VOR, the gain and 
phase values for the pseudorandom stimulus were 
plotted as a function of stimulus frequency, and the 
data were fitted with a transfer function equation 
of the following form: 


Hvor(s) = 





where Tv is an estimate of the VOR time constant 
(in seconds), Kv is the VOR gain constant, and s is 
the Laplace transform variable. The VOR bias 
(average slow phase eye velocity over the duration 
of the stimulus) also was calculated. Patient data 
were compared to those of 216 normal subjects 
ranging in age from 7 to 81 years who were tested 
with the same equipment and protocol.”° 


Moving Platform Posturography. The postural 
control tests used in these studies have been de- 
scribed in detail elsewhere. '* Patients stood on a hy- 
draulically driven platform that could be:translated 
horizontally forward or backward or rotated about 
an axis co-linear with the patients’ ankle joints. Pa- 
tients faced into a styrofoam enclosure that sur- 
rounded them on three sides and was open at the 
back. The surface of the enclosure was painted 
white and covered with a pattern of randomly 
spaced colored dots. This enclosure filled the pa- 
tients’ visual field, and also could be rotated about 
the patients’ ankle joints. During testing, subjects 
wore a modified parachute harness attached to the 
ceiling to prevent injury from a fall. Body sway was 
measured with a potentiometer attached to the pa- 
tients hips by a system of lightweight rods. Plat- 
form and visual surround movement and data col- 
lection were controlled by a DEC LSI 11/23 com- 
puter. Sway data were sampled at 50 Hz and stored 
for off-line analysis. 


Patients underwent two tests of postural control. 
For tests of motor control, muscle onset patterns 
and latencies and body sway in response to forward 
and backward horizontal translations (3 cm at 12 
cm/s) and toe-up and toe-down rotations (5? at 
20°/s) of the platform were recorded. Data for all 
patients tested at all times preoperatively and post- 
operatively were within normal limits established 
for 216 healthy subjects,?? and therefore these re- 


sults are not presented here. In tests of sensory orga- 
nization, the patients' ability to use visual, vestib- 
ular, and somatosensory information to control sway 
in unusual sensory environments was assessed. The 
patients' task was to stand with as little sway as pos- 
sible for 21 seconds in each of six different condi- 
tions (see Table 2 for a summary of experimental 
conditions). In conditions 1 and 2, the patients 
stood on the fixed platform facing into the fixed vi- 
sual surround, first with eyes open (condition 1) and 
then with eyes closed (condition 2). This test is 
equivalent to the standard Romberg test. 


In the remaining four test conditions, sensory in- 
formation from the visual and/or somatosensory 
systems was altered systematically by “sway-refer- 
encing" the visual surround and/or the platform. 
During sway-referenced conditions, the platform 
and/or the visual surround were rotated in the same 
direction as and in exact proportion to the patients’ 
sway (ie, forward sway produces toe-down rotation 
of the platform and/or forward rotation of the visu- 
al surround). Under these conditions, the move- 
ment of the visual surround's image on the retina, 
ankle position, and the position of the center of 
pressure on the feet no longer relate to the position 
of the center of gravity as they do under normal cir- 
cumstances. For condition 3, only the visual sur- 
round was sway-referenced, and in condition 4, on- 
ly the platform was sway-referenced. In condition 
5, the patients stood on the sway-referenced plat- 
form with eyes closed, and in condition 6 both the 
platform and the visual surround were sway-refer- 
enced. During the first second of each trial, both 
the platform and the visual surround were held 
fixed to permit recording of baseline measures. 


Peak-to-peak sway amplitude was calculated from 
the hip position trace for each trial. Sway was 
judged abnormal if the patient fell, if the patient 
was forced to take a step, or if the amplitude of the 
subject's sway exceeded the 95th percentile limits 
for a population of 216 normal subjects tested by 
the same protocol and equipment.?? The majority of 
the patients received one trial in each condition; 
some patients, however, received up to three trials 
in conditions 3 through 6. In these cases, perfor- 
mance on the first trial only is reported in order to 
permit valid comparisons of the performance of dif- 
ferent patients. 
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Fig 1. Results of pseudorandom rotation testing. A) Gain 
constant, B) time constant, and C) bias are plotted as func- 
tion of time in days following surgical procedure (logarith- 
mic scale). Baseline (preoperative) values are plotted to left 
of postoperative data, and are indicated by arrow on ab- 
scissa. Mean and 95th percentile ranges for 216 normal 
subjects are shown by vertical line to left of preoperative 
values. Curve fits to scattered data were made by means of 
weighted least squares regression (LOWESS). Patients 
with acoustic neuromas, + ; patients with vestibular nerve 
sections, L; patients with labyrinthectomies, ©. 


RESULTS 


VOR in Response to Pseudorandom Rotations. 
The results for the pseudorandom rotations are 
plotted in Fig 1. For all panels in Fig 1, time in days 
following surgery is plotted on a logarithmic scale 
on the abscissa. Baseline (preoperative) values are 
plotted to the left of the postoperative data, and 
indicated by the arrow on the abscissa. The vertical 
line to the left of the baseline values indicates the 
95th percentile range of values for normal subjects, 
and the solid dot indicates the mean of these values. 
The values for our normal population closely paral- 
lel those previously reported by Jenkins" for similar 
stimulus ranges. The top panel shows the VOR gain 
constant plotted as a function of time; the middle 
shows the VOR time constant, and the bottom pan- 
el shows the bias, or average slow phase eye velocity 
for the duration of the stimulus. Positive bias values 


indicate that the average velocity was directed 
away from the normal ear. In all panels, a curve has 
been fitted to the postoperative data by the 
LOWESS method.?'? The LOWESS method fits a 
curve to scattered data by use of a locally weighted 
least squares technique. Curves generated in this 
manner can be fitted validly to scatterplots with 
either linear or nonlinear trends. The LOWESS 
curves also are weighted to de-emphasize outliers, 
and are therefore relatively insensitive to extreme 
data points. 


The preoperative values and the postoperative 
course of recovery were highly similar for all three 
surgical groups. The preoperative values of the 
VOR gain constant were within normal limits for 
all patients, and declined minimally following 
surgery. The majority of patients still had gain con- 
stant values within normal limits even during the 
immediate postoperative period, and all patients 
had gain constants within normal limits at about 3 
months postoperatively. The LOWESS regression 
curve shows a flat recovery course for the VOR gain 
constant. The VOR time constants were below nor- 
mal limits in about half the patients prior to sur- 
gery, but regardless of their preoperative status, all 
patients showed marked reductions in the VOR 
time constant postoperatively. Time constants in 
the immediate postoperative period were at or be- 
low presumptive vestibular nerve time constant 
levels (5 to 7 seconds). The postoperative reductions 
in the VOR time constant are apparently perma- 
nent. Although time constants increased slowly in 
the postoperative period, they never regained nor- 
mal level$. Bias values preoperatively were within 
normal limits and scattered about zero. In the 
immediate postoperative period, all patients tested 
had high positive values, which recovered within 
about 10 days to the upper range of normal values. 
Subsequent changes in bias were minimal. 


Moving Platform Posturography. Figure 2 shows 
the proportion of abnormal trials at preoperative 
testing and three postoperative intervals in each 
sensory condition. (Refer to Table 2 for a summary 
of the sensory information available in each condi- 
tion.) The postoperative period was divided into 
three periods (0 to 9 days, 10 to 99 days, and 100 to 
999 days) representing equal logarithmic divisions. 
Not all patients agreed to testing in each interval; 
all 14 patients were tested prior to the operation, 
ten patients were tested at least once in the interval 
0 to 9 days, 13 patients were tested at least once 
during the interval 10 to 99 days, and 13 patients 
were tested at least once during the interval 100 to 
999 days. The patients who were not tested during 
the 0- to 9-day interval refused testing because of 
pronounced symptoms of fatigue and unsteadiness 
that appeared to be residual effects of anesthesia. 
For patients tested repeatedly within a given inter- 
val, results are plotted for the first test within that 
interval only. The median number of postoperative 
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Fig 2. Proportion of abnormal posturography trials in each 
of six sensory conditions (refer to Table 2) preoperatively 
and at three selected postoperative intervals. Numbers 1 
through 6 to left of ordinates in each panel and stick figures 
in upper right corner of each panel indicate sensory condi- 
tion. Blindfolds — eyes closed, box around head — sway- 
referenced vision, box around feet — sway-referenced 
platform, dark bars — patients with vestibular nerve sec- 
tions, hatched bars — patients with acoustic neuromas, 
stippled bars — patients with labyrinthectomies. 


days at testing for each interval was 2 for the period 
labeled 0 to 9, 21 for the period labeled 10 to 99, 
and 188 for the period labeled 100 to 999. 


Results are again similar for all surgical groups. 
Almost all patients swayed within normal limits in 
conditions 1 and 2 (equivalent to the standard clini- 
cal Romberg test) at all times before and after the 
operation. Prior to the operation, 36% of the pa- 
tients swayed excessively or fell in conditions with 
both abnormal visual and abnormal somatosensory 
feedback (conditions 5 and 6). Only 5% of the nor- 
mal population fell in the same conditions. In the 





immediate postoperative period, all patients tested 
swayed excessively or fell in conditions 5 and 6. Six 
(60%) patients also swayed excessively or fell in 
either condition 3 (abnormal visual feedback only; 
five patients) or condition 4 (abnormal somatosen- 
sory feedback only; one patient). Recovery of 
postural control was rapid; roughly the same pro- 
portion of patients showed significant postural ab- 
normalities preoperatively and at the 10- to 99-day 
interval. Five patients (1, 2, 5, 12, and 14) showed 
abnormalities in both conditions 5 and 6 preopera- 
tively, and six patients (1, 4, 6, 12, 13, and 14) 
showed abnormalities in the same conditions at the 
10- to 99-day interval. However, postural control, 
unlike the VOR measures, continued to improve 
slightly at even longer postoperative intervals. Only 
three patients (2, 12, and 13) showed abnormalities 
in both conditions 5 and 6 at the 100- to 999-day in- 
terval. 


DISCUSSION 


As has been shown previously for animals like the 
rat,’ the results of these studies indicate that preser- 
vation of Scarpa's ganglion appears to have little if 
any effect on VOR or postural control compensa- 
tion for unilateral loss of vestibular function. For all 
groups, the most dramatic change in vestibulo- 
ocular function during the acute phase of compen- 
sation following unilateral loss of vestibular func- 
tion occurred during the first 10 postoperative days, 
as the VOR bias returned quickly to values near the 
normal preoperative baseline. The VOR response 
amplitude (gain constant) for the pseudorandom 
stimulus was affected minimally by the surgical 
procedure. In marked contrast, time constants 
decreased following unilateral loss of vestibular 
function and did not recover to normal ranges for as 
long as 4 years postoperatively. This permanent 
disruption of the brain stem velocity storage 
mechanism'5 has been demonstrated previously in 
both animals’ and humans''? following labyrin- 
thectomy and vestibular nerve section. 


The time course of the recovery of postural con- 
trol was also highly similar for all patient groups. 
Approximately one third of the patients fell or 
swayed excessively in conditions with unreliable 
visual and somatosensory feedback for postural con- 
trol prior to the operation. During the immediate 
postoperative period, however, all of the patients 
who could be tested showed postural control abnor- 
malities in the same conditions. In addition, two 
thirds of the patients also showed abnormalities in 
other conditions, in which either somatosensory in- 
formation (condition 3) or visual information (con- 
dition 4) was available and reliable. The inability of 
some patients to control posture in conditions 3 and 
4 disappeared within 2 to 3 weeks of the operation, 
and residual postural control abnormalities occurred 
almost exclusively in conditions 5 and 6, which re- 
quire vestibular information to maintain balance. 
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At approximately 6 months following the operation, 
three fourths of the patients had recovered normal 
postural control. 

The means by which the CNS regains relatively 
normal vestibulo-ocular function and postural con- 
trol are not completely understood. Recent studies 
of VOR compensation for unilateral loss of function 
indicate that several different mechanisms may be 
used.'3:'4?3 Tests of visual-vestibular interactions 
have shown that patients who have sustained sud- 
den unilateral loss of function may 1) improve ves- 
tibulo-ocular function by using visual or somato- 
sensory information when available, 2) may use 
prediction or voluntary enhancement of the VOR, 
or 3) may show adaptive gain changes in the VOR. 
Some of the same mechanisms also may be available 


to the postural control system. Studies of the re- 
sponses of monkeys with unilateral labyrinthecto- 
mies to sudden falls have shown that in the immedi- 
ate postoperative period, these animals required vi- 
sual information to organize a timely postural re- 
sponse. Later in compensation, visual information 
was no longer necessary. Similar behavior was ob- 
served in the patients studied here. During the 
acute recovery phase, five of ten patients fell when 
exposed to the sway-referenced visual surround, as 
though they had become highly dependent on visual 
information for the control of posture. It is possible 
that animals and humans rely heavily on other sen- 
sory systems for oculomotor and postural control 
during the acute recovery phase, and that adaptive 
changes in the vestibular system itself occur later. 
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TOTAL CERVICAL TRACHEAL STENOSIS: TREATMENT BY 
LASER, DILATION, AND STENTING 
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Twelve patients with total cervical tracheal stenosis were treated by endoscopic laser excision (neodymium:yttrium aluminum garnet 
or carbon dioxide laser), bronchoscopic dilation, and prolonged stenting with a silicone T-tube. All patients had previous traumatic or pro- 
longed endotracheal intubation requiring a tracheotomy and presented with aphonia as the major complaint. Multiple laser and dilation 
treatments were necessary in ten patients. Average duration of T-tube placement was 6 months. Excellent results (decannulation and good 
voice) were achieved in eight patients with a follow-up of 9 months to 6 years. Persistent granulation tissue and some degree of fibrosis were 
the most common complications (eight of 12 patients). Two patients died of medical complications. A high success rate with this en- 
doscopic technique justifies this approach as our initial therapy, with open surgical techniques reserved for failure. 


KEY WORDS — bronchoscopic dilation, carbon dioxide laser, complete tracheal stenosis, endoscopic excision, neodymium:yttrium 


aluminum garnet laser, silicone T-tube, stenting. 


INTRODUCTION 


Total cervical tracheal stenosis is usually a com- 
plication of prolonged endotracheal intubation or 
traumatic intubation in an emergency setting, with 
subsequent subglottic or tracheal stenosis occurring 
secondary to granulation tissue and ultimately fi- 
brosis. Patients with complete obstruction of the 
cervical trachea are dependent on their tracheot- 
omy as the only airway and are aphonic. Options in 
management include an open surgical approach, 
namely, tracheal resection and reanastomosis; ex- 
ternal tracheoplasty using graft material, and pos- 
sible stenting; and endoscopic incision or excision of 
scar tissue, dilation, and stenting. 


Endoscopic treatment of tracheal stenosis using 
the carbon dioxide laser through a laryngoscopic or 
bronchoscopic approach or both has been reported 
by a number of authors with varying success. Simp- 
son et alt using prototypic first-generation CO2 
laser instrumentation, presented their series of 60 
patients with laryngeal (49 patients), tracheal (six 
patients), and combined laryngeal and tracheal ste- 
nosis (five patients). Successful management was 
noted with use of multiple procedures in 35 pa- 
tients. Patients with tracheal stenosis had a higher 
failure rate, requiring subsequent open surgical 
procedures. Factors generally associated with poor 
results included circumferential scarring with con- 
tracture, scarring greater than 1 cm in the vertical 
dimension, a previous history of severe bacterial in- 
fection associated with tracheotomy, loss of carti- 
lage or tracheomalacia, and scarring of the posteri- 
or glottic airway, often with arytenoid fixation. 


Other authors, such as Koufman et al? and Ossoff et 
al,? reported generally favorable success rates: 77 % 
for subglottic stenosis and 57 % for tracheal stenosis, 
respectively. To improve the somewhat disappoint- 
ing success rate with use of the CO2 laser for endo- 
scopic management of subglottic and tracheal ste- 
nosis, Dedo and Sooy^ reported the use of a *micro- 
trapdoor” flap in the posterior glottic region for 
posterior glottic stenosis and weblike tracheal steno- 
sis. The CO2 laser was used to elevate this flap of 
epithelium, permitting vaporization of underlying 
scar tissue with the laser. The epithelial flap then 
was placed back into position for reepithelialization 
of the wound. Eight of nine patients treated in this 
fashion had successful outcomes. 


The major limitation in the endoscopic manage- 
ment of tracheal stenosis appeared to be related to 
the disease process itself rather than the instrumen- 
tation. Weblike or fibrous stenoses were associated 
with a high success rate as opposed to the higher 
degree of failure associated with collapsing carti- 
lage or tracheomalacia. This latter condition should 
be treated by tracheal resection and reanastomosis 
as the primary treatment. Long-term stenting of 
collapsing tracheal cartilage was reported by Mont- 
gomery? in 1965, using a silicone tracheal T-tube. 
This technique proved to be most useful in patients 
who were not considered candidates for open exter- 
nal surgical procedures. Shapshay et al$ stressed the 
use of radial laser incisions with either the CO2 laser 
or a contact neodymium:yttrium aluminum garnet 
probe followed by gentle dilation with use of the 
bronchoscope in a rotational axis without stenting. 
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A high degree of success was achieved in carefully 
selected patients with intraluminal fibrous stenosis 
without tracheal collapse. The rationale behind this 
technique was to preserve islands of epithelium be- 
tween the radial laser incisions, which could rapid- 
ly reepithelialize the tracheal wall. A successful out- 
come usually ensued if epithelialization was com- 
plete within 3 to 4 weeks. 


This paper presents our experience with 12 pa- 
tients with use of CO2 and Nd:YAG laser technol- 
ogy through both laryngoscopic and bronchoscopic 
exposures for incision or excision or both, dilation, 
and prolonged stenting of complete strictures of the 
subglottic and cervical trachea. Prolonged stenting, 
usually for 6 months, was accomplished with a sili- 
cone T-tube. 


MATERIALS 


The Nd:YAG laser used in nine patients was a 
100-W continuous wave laser produced by Cilas 
(Biolas YAG 100; Cilas Co, Marcousis, France) used 
with a standard quartz 2.3-mm fiber. The laser was 
delivered through a rigid bronchoscope system de- 
signed by Dr Jean-Francois Dumon (Marseille, 
France) and Dr James Harrell (University of Cali- 
fornia San Diego Medical Center) for Nd:YAG laser 
application and simultaneous use of 0? telescopic 
optics. This bronchoscope features special external 
channels for insertion of the laser fiber and one or 


Fig 1. (Paient 11) Opening of stenosis. A) Complete fibrous 
stenosis 1 cm below vocal cords with vertical dimension of 2 cm. 
Patient hac been involved in serious motor vehicle accident and 
required urgent endotracheal intubation and subsequent trache- 
otomy. B) Carbon dioxide laser with micromanipulator delivery 
system is used through operating laryngoscope to vaporize chan- 
nel through scar tissue. Fiberoptic light source directed superiorly 
through tracheotomy helps endoscopist delineate tracheal lumen. 
C) When tracheal lumen is found, stellate incisions are made 
through scar tissue. This is done before dilation with rigid ven- 
tilating bronchoscopes. 


two suction catheters for removal of debris and se- 
cretions (Bryan Corp, Woburn, Mass). Average pow- 
er settings of 30 W at 0.7-second exposures were 
used, with the laser fiber kept close to the target 
tissue (2 mm). The CO2 laser system was a 40-W 
continuous wave laser made by Heraeus LaserSon- 
ics, Inc (Merrimack ML 840, Milpitas, Calif) de- 
livered through a microscopic manipulator. The 
microscopic manipulator was coupled to a Zeiss Op- 
erating microscope with a 400-mm lens (Fig 1). The 
patients were kept under general anesthesia by use 
of an endotracheal tube through the tracheotomy 
site. After laser treatment of the stenotic area, rigid 
bronchescopy (Karl Storz Endoscopy-America Inc, 
Culver City, Calif) was performed to dilate care- 
fully the stenotic region. The trachea was dilated 
with first a 7.5-mm and next an 8.5-mm rigid venti- 
lating Eronchoscope and a Venturi jet oxygenation 
system. After the laser treatment and dilation, an 
adult s:ze, 12- to 14-mm silicone T-tube (Boston 
Medica Products, Inc, Waltham, Mass) was used 
(Figs 2 and 3). 


A useful technique to facilitate precise laser exci- 
sion of the tracheal scar tissue was the use of a flex- 
ible fiberoptic bronchoscope through the tracheot- 
omy site aimed superiorly. With the light somewhat 
dimmed in the operating room, the scar tissue could 
be tranzilluminated to guide the endoscopist safely 
throug the tracheal lumen, avoiding injury to the 
trachea cartilage. After operation, the patients re- 
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Fig 2. Placement of silicone T-tube. A) Tube being placed through tracheotomy site by use of rigid bronchoscope and forceps to 
aid in positioning. It is important to have T-tube stent stenotic area without traumatizing vocal cords. B) Tube in place with 
safety ring applied to prevent tube displacement. It is important to keep T-tube plugged to prevent drying of secretions and 


subsequent crust formation. 


ceived a broad-spectrum antibiotic for 10 days. 
Steroids were avoided for fear of causing a delay in 
epithelial migration. Care was taken to plug the 
T-tube externally as soon as the patient was fully 
awake from anesthesia. Further postoperative man- 
agement consisted of humidified oxygen in the re- 
covery room, careful suctioning at least four times 
daily, administration of sterile normal saline and 
acetylcysteine (Mucomyst, 10%), and careful cleans- 
ing of the inside of the T-tube with cotton-tipped 
applicators dipped in hydrogen peroxide. Further 
instructions were given to the patient according to 
guidelines reported by Montgomery.’ 


PATIENTS 


Twelve patients with complete subglottic or cer- 
vical tracheal stenoses (see Table) were treated from 
1981 to 1988 at the Lahey Clinic Medical Center, 
Burlington, Mass (three patients), and the Salvator 
Hospital, Marseille, France (nine patients). Eight 
patients were men and four patients were women in 
this series, with a median age of 45.5 years (range, 
19 to 72 years). A common denominator in the 


cause of their tracheal stenosis was urgent endotra- 
cheal intubation for treatment of motor vehicle ac- 
cident trauma (seven patients) or a suicide attempt 
(two patients); or prolonged intubation subsequent 
to cardiac surgery (one patient), acute myocardial 
infarction with cardiac arrest (one patient), or re- 
spiratory insufficiency secondary to a cerebrovascu- 
lar accident (one patient). These patients under- 
went tracheotomy because endotracheal tube extu- 
bation could not be completed successfully. All of 
these patients were aphonic as a result of complete 
tracheal stenosis between the tracheotomy site and 
the vocal cords (Fig 1A). The vertical dimension of 
the stenoses ranged from 1 to 3 cm. Tracheal to- 
mography was performed on all patients to ascer- 
tain the integrity of the tracheal cartilages. 


Nine patients were treated with the Nd:YAG 
laser and three patients with the CO2 laser. Ten of 
12 patients required multiple laser and dilation 
treatments. Three patients had two treatments over 
12 months, one patient (patient 1) had four treat- 
ments over 2 years, and another (patient 8) had five 
treatments over 3 years for the removal of granula- 





Fig 3. (Patient 11) A) At time of T-tube removal, 6 months after laser treatment and stenting. Note moderate amount of granulation 
tissue in trachea, which was removed with CO2 laser. Tracheal decannulation was achieved. B) Three months after stent removal. 
Diameter of lumen is 6 mm. Further laser treatment and dilation were performed to establish 9-mm tracheal lumen. 
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Results of 
Age Cause of Post-T-Tube Endoscopic Follow-Up 
Patient (yr) Sex Stenosis Treatment Therapy Therapy ` (yr) 
1 35 M Intubation trau- Nd:YAG laser, dilation, T- Nd:YAG laser x4 (granula- Excellent 2 
ma (MVA) tube (2 mo) tion, fibrosis) 
2 49 M Intubation trau- Nd:YAG laser, dilation, T- Nd:YAG laser x2 (granula- Good 1* 
ma (MVA) tube (6 mo) tion) 
3 50 F Intubation trau- Nd:YAG laser, dilation, T- Nd:YAG laser xl (fibrosis), Poor (with T- 6 
ma (suicide) tube (4 mo) sleeve resection 2 mo later tube) 
4 34 M Intubation trau- Nd:YAG laser, dilation, T- Nd:YAG laser xl Excellent 4 
ma tube (8 mo) 
5 45 M Intubation trau- Nd:YAG laser, dilation, T- None Excellent 1 
l ma (MVA) tube (14 mo) 
6 72 M Prolonged intu- Nd:YAG laser, dilation, T- Nd:YAG laser x2 (granula- Excellent 5 
bation after car- tube (6 mo) tion) 
diac surgery 
1 52 M Intubation trau- Nd:YAG laser, dilation, T- Sleeve resection, Nd:YAG Poor 5 
ma (MVA) tube (6 mo) laser x4 
8 19 F Intubation treau- Nd:YAG laser, dilation, T- Nd:YAG laser x5 over 3 yr Fair with T-tube; 5 
ma (MVA) tube (6 mo) final, excellent 
9 27 F Intubation trau- Nd:YAG laser, dilation, T- Nd:YAG laser x2 over 6mo Excellent 2 
ma (suicide) tube (12 mo) 
10 48 M Intubation trau- COs laser, dilation x3, T- COs laser removal of gran- Excellent 9 mot 
ma (MI, cardiac tube x2 (6 mo) ulation 
arrest) 
ll 23 M Intubation trau- COs laser, dilation, T-tube None Excellent I 
mà (MVA) 6 mo) 
12 65 Prolonged intu- COs laser, dilation x2, T- Tracheal cannula Poor 18 mo 
bation (CVA, tube (3 mo) 
COPD) 


MVA — motor vehicle accident, MI — myocardial infarction, CVA — cerebrovascular accident, COPD — chronic obstructive pulmonary disease. 


*Died of tuberculosis. 
[Died of myocardial infarction at decannulation. 


tion tissue and recurrent fibrosis. T-tube placement 
ranged from 2 to 14 months, with the average dura- 
tion being 6 months. 


RESULTS 


An excellent therapeutic result was considered to 
be tracheotomy decannulation, near-normal voice, 
and normal respiratory function with good exercise 
tolerance. According to these criteria, eight patients 
in our series had excellent results, with follow-up 
ranging from 9 months to 6 years (see Table). One 
patient (patient 10) died of an acute myocardial in- 
farction at the time of decannulation with an excel- 
lent airway. In one patient (patient 2), granulation 
tissue persisted despite endoscopic therapy. This 
was considered to be a good result with regard to 
extubation of the tracheotomy, but intermittent 
persistent granulation caused mild airway distress. 
This patient actually had acute tuberculosis and 
died of this disease process 1 year after beginning 
endoscopic therapy. Three patients had poor results 
from endoscopic therapy, and two (patients 3 and 
7) underwent sleeve resection of the trachea with a 
final good result. Laser therapy was helpful in one 
of these patients (patient 7) in treating granulation 
tissue on the anastomosis line after tracheal resec- 
tion. Only one patient (patient 12) failed to tolerate 
T-tube placement because of poor compliance with 
postoperative management instructions. This pa- 


tient had had a severe cerebrovascular accident ne- 
cessitating intermittent respiratory support through 
a tracheotomy cannula. 


Neither the use of the laser nor dilation resulted 
in tracheal perforation. Postoperative neck and oral 
pharyngeal discomfort were transient symptoms for 
the first 24 to 48 hours. No complications with the 
use of the laser were noted, ie, endotracheal fires or 
burns. The absence of infection was noteworthy in 
this series of patients. Persistent granulation tissue 
and some degree of fibrosis were the most common 
complications (eight of 12 patients). Only one of 
these patients, however, required a permanent tra- 
cheotomy and was considered a failure of therapy 
(patient 12). | 


DISCUSSION 


As mentioned previously, the common denomi- 
nator in the cause of total cervical tracheal stenosis 
is traumatic intubation causing an injury in the sub- 
glottic or cervical trachea, which progresses to form 
cicatricial fibrosis. This condition is to be consid- 
ered a complex tracheal stenosis with granulation 
tissue, fibrosis, and some element of tracheal wall 
collapse. Most of the patients in this series had a 
medical emergency, whether motor vehicle acci- 
dent trauma, a suicide attempt, cardiac arrest, or 
acute respiratory insufficiency from chronic ob- 
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structive pulmonary disease. Endotracheal intuba- 
tion was done on an urgent basis and in some in- 
stances perhaps by the most inexperienced member 
of the health care team. Often the endotracheal 
tube was left in place for a prolonged period (longer 
than 2 weeks) before tracheotomy. Some of these 
patients were on prolonged respiratory support, ad- 
ding another element of risk, namely, constant 
movement of the inflated endotracheal tube cuff ex- 
coriating the tracheal mucosa. 


Options in management of total tracheal stenosis 
include endoscopic techniques and open surgical 
procedures. The inherent advantage of endoscopic 
treatment is potentially lessened morbidity com- 
pared with that of open surgical procedures. This 
advantage would apply particularly to older pa- 
tients with high medical risk factors, such as dia- 
betes, chronic obstructive pulmonary disease, and 
cardiovascular disorders. Endoscopic therapy, of 
course, does not preclude future open resection and 
in fact may facilitate tracheotomy extubation, re- 
moving a potential source of infection before open 
surgery. If an open surgical procedure is chosen, it 
would appear that a tracheal sleeve resection and 
reanastomosis, if technically possible, would be the 
most efficient procedure. Most tracheal surgeons 
would prefer to do this operation without the pres- 
ence of a preexisting tracheotomy. 


The use of stenting materials in the trachea has 
been a source of controversy. If a stent is used, it 
should be made of an inert material that does not 
become a source of infection while in place. The 
ideal tracheal stent should fit the tracheal lumen 
snugly and in fact provide some expansion of a nar- 
rowed tracheal wall. A stent that is too small can 
become displaced, causing airway obstruction, and 
because of movement can become a source of chron- 
ic irritation and subsequent infection. The tracheal 
stent also should be easy to clean and made of mate- 
rial that does not stimulate increased secretions. 
Secretions in general should not become easily ad- 
herent to the inner lumen of the tube. 


In 1965, Montgomery? introduced a silicone rub- 
ber T-tube for the relief of subglottic stenosis, and 
this tube subsequently has been modified with 
grooves on the external limb of the T-tube, pro- 
viding a safer tube with less chance of displace- 
ment.’ We have found that a silicone rubber pros- 
thesis may be left in the trachea for 12 months or 
more without any adverse reaction. A modification 
of this T-tube design has been reported by Westaby 
et al, who created a bifurcated silicone rubber 
stent to intubate the trachea and main bronchi. 
This stent was designed to palliate intrathoracic tra- 
cheal compression by a neoplastic process as well as 
unresectable tracheal stenosis. Placement of this 
stent is through the tracheotomy with use of guide 
wires to direct the stent into the main bronchi proxi- 
mally. A modification of the T-tube design, reported 


by Duvall and Bauer,’ permits insertion of a more 
flexible stent under direct vision through the larynx 
over a bronchoscope. 


An expandable stainless steel stent originally used 
in vascular stenosis was modified for tracheobron- 
chial use by Wallace et al.'^ This springlike, ex- 
pandable metallic stent was applied in the trachea 
and bronchi of 11 healthy dogs, expanding gradual- 
ly over time and substantially increasing the diam- 
eter of the lumen. Slight migration of the stent oc- 
curred, with some inflammatory reaction. Two pa- 
tients with carcinoma were treated in this fashion 
for dilation of postoperative bronchial stenoses. Al- 
though this preliminary report shows some promise 
for this technique, a disadvantage of this stent is 
that it cannot be removed after placement. The 
stent becomes incorporated into the tracheal wall 
and would require an open procedure for its re- 
moval. 


Minimal laser energy should be used to remove 
scar tissue so as to avoid thermal trauma to sur- 
rounding tissues. Questions arise as to which laser 
would be most beneficial for this purpose. There is a 
definite theoretic preference for the CO2 laser wave- 
length over the Nd:YAG laser wavelength. The Nd: 
YAG laser has a greater coagulation than cutting ef- 
fect, whereas the CO2 laser is a more precise cutting 
device." Despite this theoretic advantage of the 
CO? laser, one of the authors (J.-F.D.) has used the 
Nd:YAC laser for treatment of patients with trache- 
al stenosis with great success, by using high power 
density laser energy with short pulses to minimize 
surrounding heat-induced tissue damage. The Nd: 
YAC laser fiber is applied close to the target tissue, 
within 2 mm, delivering 30 to 40 W with short ex- 
posures (0.5- to 0.7-second intervals), which facili- 
tate better cutting with less tissue coagulation. 


Mechanical dilation after atraumatic laser inci- 
sion is an important part of the therapy. We prefer 
to use rigid bronchoscopes with gradually increas- 
ing diameters for maximum dilation. The broncho- 
scope should be used very gently in a circular mo- 
tion to dilate gradually the stenotic area. This tech- 
nique is far less traumatic than the use of rigid 
bougies. 


The largest possible T-tube stent should be placed 
after the dilation is completed. Size 12 to 14 Mont- 
gomery T-tube stents are usually satisfactory. Place- 
ment of the stent through the tracheotomy is well 
described in the literature. It is important, how- 
ever, to stress that the T-tube should be plugged ex- 
ternally to avoid complications. Plugging the 
T-tube provides natural humidification to prevent 
the drying of secretions and also restores the 
patient's ability to phonate and to carry on daily ac- 
tivities without dyspnea. Meticulous postoperative 
care of the T-tube is absolutely necessary. Antibiot- 
ics, usually amoxicillin or a cephalosporin, are ad- 
ministered after operation for 10 days. Steroids are 
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not administered routinely after operation for fear 
of delayed epithelialization. A detailed discussion of 
the management of the Montgomery T--ube has 
been published.'? Patients are followed monthly in 
the outpatient department and are extubated in the 
operating room under general anesthesia after ap- 
proximately 6 months. Bronchoscopy is performed 
at the same time to assess the final result es well as 
to remove any granulation tissue that may have 
formed. The patient is observed carefully in the hos- 
pital for 24 hours after extubation before discharge. 
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In ccnclusion, although complete cervical or sub- 
glottic tracheal obstruction can be a challenging 
management problem, successful endoscopic man- 
agement is certainly possible. We prefer the tech- 
nique of atraumatic laser application followed by 
gentle 2rogressive dilation and stenting with a sili- 
cone T-tube left in place for a minimum of 6 
months. A high success rate with this technique has 
justified this approach as an initial therapeutic mo- 
dality. If persistent stenosis occurs or recurs, open 
surgical intervention clearly is indicated. 
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FRONTAL SINUS OSTEOMA 
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Los ANGELES, CALIFORNIA 


Osteoma is the most common benign tumor of the nose and paranasal sinuses, and the frontal sinus is its most frequent location. This 
tumor may be discovered incidentally on radiographs or may enlarge to produce symptoms and, rarely, complications referable to its loca- 
tion near the orbit and anterior cranial vault. A series of 22 cases of frontal sinus osteoma treated at the UCLA Center for the Health 
Sciences is reviewed. The presenting symptoms of this tumor, patient examination, radiographic evaluation, diagnosis, and indications for 
surgical and nonsurgical management are discussed. Various surgical approaches are reviewed, with emphasis on the advantages and 
disadvantages of each technique. Issues at surgery include the location of the surgical incision, technique of sinus entry, tumor removal, 
status of the posterior sinus table, patency of the nasofrontal duct, sinus obliteration, and avoidance of cosmetic deformity. Patient out- 
comes are assessed and recommendations given based on our findings and experience. 


KEY WORDS — frontal sinus, osteoma, osteoplastic flap, paranasal sinus neoplasms. 


Osteomata of the frontal sinus are uncommon but 
certainly not rare 17 In 1941, Teed’ reviewed and 
summarized 321 cases from the literature up to that 
time. From the Mayo Clinic, Hallberg and Begley’ 
in 1950 reported on 40 cases. In an updated review 
29 years later from the same institution, 16 frontal 
sinus osteomas and 12 in the frontoethmoid region 
were seen.? Furthermore, these and other recent 
surveys confirm that the frontal sinus is the most 
common sinus location of these benign neo- 
plasms.*'* 


The histopathologic nature of paranasal sinus 
osteoma has been reviewed in an extensive clinico- 
pathologic study by Fu and Perzin.® A paranasal 
sinus osteoma consists of well-defined mature os- 
seous tissue found in the wall of the sinus and filling 
its cavity. There are two characteristic histologic 
types. The "ivory" or eburnated osteoma is com- 
posed of hard, dense bone that contains only a mini- 
mal amount of fibrous tissue. The "mature osteo- 
ma, or osteoma spongiosum, contains mature can- 
cellous bone and may be found at the periphery of 
ivory osteomas. Occasionally, a third variety called 
"mixed" osteoma contains features of both ivory 
and mature osteomas. Osteomas are benign, are 
generally well localized and discrete, and show lit- 
tle tendency to recur after excision unless incom- 
pletely excised. 


A differential diagnosis of frontal sinus osteoma 
can be formed by consideration of other fibro-os- 
seous lesions of the paranasal sinuses. These lesions 
may have a similar radiographic appearance, but 
their borders are less well defined than those of oste- 
omas. Fu and Perzin® separate osteomas from these 
less common lesions, which include fibrous oste- 
oma, fibrous dysplasia, and ossifying fibromas. 
First, fibrous osteoma is basically an osteoma with a 
greater amount of intertrabecular fibrous tissue 


than seen in ivory or mature osteomas. It occurs in 
the same older age group and has the same benign 
behavior as typical osteomas. Fibrous dysplasia, on 
the other hand, has several differentiating char- 
acteristics. Radiographically, it appears poorly de- 
fined and irregular. It tends to appear at a younger 
age, often in the first or second decades. Histopath- 
ologically, fibrous dysplasia is without a capsule and 
has mildly to highly cellular spindle-shaped fibro- 
blastic cells and irregular trabeculae of woven bone 
without osteoblastic lining or cement lines. It is 
believed to be an arrest of normal ossification at the 
woven bone stage, without progression to lamellar 
bone. This diffuse benign process has a tendency to 
recur after incomplete excision. If treated with ra- 
diation therapy, malignant transformation to osteo- 
genic sarcoma may occur. A third lesion, ossifying 
fibroma, also occurs at a young age. Microscopical- 
ly, it has mainly fibrous and some osseous tissue. A 
highly cellular fibrous stroma at various degrees of 
maturity is combined with osseous tissue containing 
osteoid and osteoblasts. A specialized variant of this 
entity is the "psammomatoid" ossifying fibroma 
that occurs typically in young children in the region 
of the ethmoid sinuses.’ Clinically, ossifying fibro- 
ma tends to have a more aggressive clinical behav- 
ior that requires more extensive surgical treatment. 
Other rare fibro-osseous tumors of the paranasal si- 
nuses include benign osteoblastomas, giant cell tu- 
mors, and osteosarcomas. 


A rare but important clinical manifestation of si- 
nus osteomas occurs in conjunction with Gardner's 
syndrome.*? This is an association of osteomas, soft 
tissue tumors (epidermal and/or sebaceous cysts or 
subcutaneous fibrous tumors), and polyposis of the 
bowel. The significance of this syndrome lies in the 
fact that though the bone and soft tissue tumors are 
benign, "malignant degeneration" of intestinal 
polyps occurs in nearly 40% of cases.'^ This syn- 
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drome also carries a familial dominant hereditary 
pattern. The head and neck manifestations of this 
rare condition, such as osseous tumors of the man- 
dible, skull, and sinuses, are frequently the initial 
findings. In a recent series one case of Gardner's 
syndrome presented with a frontal sinus osteoma.? 


The cause of frontal sinus osteomas is unknown 
and speculative. Three main theories have been 
proposed that involve developmental, traumatic, or 
infectious causes.* The developmental theory postu- 
lates that osteomas arise at the junction of the em- 
bryonic cartilaginous ethmoid and membranous 
frontal bones. However, many frontal sinus oste- 
omas are located far from the frontoethmoid junc- 
tion. Traumatic origins of frontal sinus osteomas do 
not explain the large numbers of patients with this 
tumor who lack a history of trauma.? Infection also 
plays a role; several series cite a 30% incidence of 
associated infection with frontal sinus osteomas.?""! 
It is difficult to tell if infection is primarily or sec- 
ondarily associated in these cases. Whatever their 
cause, these tumors do occur and have a more pre- 
dictable growth pattern. 


In 1951 Gibson and Walker" wrote that “evi- 
dence of the rate of growth [of frontal sinus osteo- 
mas] is scanty, but most writers consider it slow but 
inexorable." In a recent report, the growth of a 
frontal sinus osteoma was followed radiographical- 
ly for 17 years.? In the first 10 years, a small 
osteoma on the roof of the left frontal sinus enlarged 
to fill the entire left side almost completely. After 7 
more years of asymptomatic growth, the tumor was 
removed following an episode of acute frontal sinus- 
itis. With the slow growth pattern of these lesions 
comes a wide range of clinical presentations. 


The age of presentation of frontal sinus osteomas 
is commonly reported to be the second through fifth 
decades 7" 17 Only two cases have been reported in 
children under 10 years.* An older age range of pre- 
sentation in the fourth, fifth, and sixth decades was 
reported by Atallah and Jay.? In their series of 23 
patients, 18 of European origin presented later in 
life, while four patients from the Middle East and 
one from the West Indies had symptoms bv or be- 
fore the fourth decade, suggesting ethnic differ- 
ences in age at presentation. À majority of reports 
indicate a male to female predominance of about 
2:1.** Two recent surveys have not confirmed 
this.?'* In contrast, another current series from 
Norway found a male to female ratio of 3.75.1 in 19 
cases. ^ 


The clinical presentation of frontal sinus osteoma 
covers a wide spectrum. This probably is related to 
the slow growth of these tumors. Many are asymp- 
tomatic and discovered only with skull radiog- 
raphy.'^ The most common symptom is frontal or 
facial pain and headache.?:'* Frontal sinus infection 
also is seen commonly in association with frontal 
sinus osteoma.^? The enlarging osteoma can out- 


grow the confines of the frontal sinus anteriorly, in- 
feriorly, or posteriorly. Anterior extension produces 
deformity of the forehead contour. With inferior 
growth, orbital symptoms of proptosis, diplopia, or 
amaurosis fugax are seen. 17717 Posterior intracra- 
nial extension may lead to meningitis, seizures, or 
hemiparesis. '™'8 This wide range of symptoms seen 
with frontal sinus osteomas, including the asympto- 
matic or minimally symptomatic presentations of 
large osteomas in patients recently seen at the 
UCLA Center for the Health Sciences, prompted us 
to review our experience with treatment of this in- 
teresting tumor. 


METHODS 


A patient record search was conducted at the 
UCLA Center for the Health Sciences medical rec- 
ords and pathology departments. From the years 
1957 through 1988, 22 cases of frontal sinus osteoma 
treated surgically at this institution were identified 
and the charts reviewed. When possible, contact 
with outside physicians for long-term follow-up was 
made. 


RESULTS 


The patient group consisted of 12 men and ten 
women ranging in age from 18 to 75 years. In our 
series, the most common presenting symptom of 
frontal sinus osteoma was frontal headaches in 15 
patients (68%), with an average duration of 1.7 
years (range, 2 months to 6 years). This was fol- 
lowed by frontal pain in four patients (18%) lasting 
from 1 month to 5 years. Two patients (9%) were 
asymptomatic. Twenty-three percent of patients 
had a history of sinus infections, and one patient 
(5%) gave a history of prior trauma to the frontal 
region. 


Two patients underwent frontoethmoidectomy 
and osteoma excision; one patient had the proce- 
dure twice, the second time 5 years later for osteo- 
ma recurrence. No further osteoma excisions via 
this approach were done after 1962. Eight patients 
underwent the osteoplastic flap technique and oste- 
oma excision without sinus obliteration. Thirteen 
patients underwent frontal sinus obliteration with 
abdominal fat graft in addition to the osteoplastic 
flap technique. 


Microscopic evaluation of osteomas was done in 
16 cases. Three specimens were found to be ivory 
osteomas; nine, mature osteomas; and four, of the 
mixed type. 


Early postoperative complications were seen in 
two patients. One patient developed CSF leak and 
rhinorrhea 2 days postoperatively. While his osteo- 
ma had been located on the inferior-medial frontal 
sinus floor extending into the ethmoid sinus, no 
dural tear or cribriform plate disruption had been 
noted during surgery. The patient was treated with 
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lumbar puncture, and his rhinorrhea resolved in 2 
days, with no further sequelae. A flap hematoma 
was seen in one patient who had a coronal skin flap. 
This required hematoma evacuation and a blood 
transfusion. 


Long-term (>1 year) follow-up of 12 patients 
was available. Four patients developed recurrent 
headaches. Two of these patients returned 6 and 8 
years following osteoma excision and sinus oblitera- 
tion with complaints of headaches. They were 
found to have ethmoid sinusitis and were treated 
medically with success. One patient who under- 
went osteoma excision without sinus obliteration re- 
turned 19 years later complaining of headaches 
similar to those experienced before osteoma sur- 
gery. A computed tomographic scan showed a small 
osteoma in the region of prior surgery, with normal- 
ly aerated frontal sinuses and no mucocele. She cur- 
rently is being treated for migraine headaches. One 
patient who underwent two frontoethmoidectomies 
for frontal sinus osteoma presented 14 years later 
with frontal headaches. Sinus tomographs were sug- 
gestive of a frontal sinus mucocele. The patient, 
however, refused surgery and was lost to follow-up. 


With regard to the role of sinus infections and 
frontal sinus osteoma, the findings were mixed. 
Five patients (22%) gave a history of sinus infec- 
tions. Of these patients, however, in only one was 
infectious, obstructive sinus mucosal disease found 
at surgery. On the other hand, in three patients 
with no history of sinus infections, frontal sinus 
mucosal disease (polypoid thickening, mucocele, 
mucopyocele) was discovered. 


DISCUSSION 


In most cases, the indications for surgery in the 
treatment of frontal sinus osteomas are well agreed 
on.’ The finding of an osteoma in the presence of 
symptoms is most generally the situation in which 
surgical intervention is justifiable. The known 
growth history of osteomas, with potential for or- 
bital or intracranial complications, requires surgery 
to prevent development of these problems. How- 
ever, in the case of an asymptomatic osteoma, the 
indications are not as clear. 


Asymptomatic osteomas are frequently encoun- 
tered. Childrey'® reviewed 3,510 consecutive skull 
radiographs taken for any reason and found an in- 
cidence of frontal osteomas of 0.43% . Teed' advo- 
cated removal of any osteoma, regardless of size; 
however, his position is not uniformly accepted.?? 
Patients with no symptoms or minimal symptoms 
may be followed up with serial x-ray studies to as- 
sess osteoma growth and changes in symptomatol- 
ogy. This was the treatment of two patients in our 
series, who were followed up for 6 months and 3", 
years, respectively, before surgery. The need for 
follow-up must be explained to the patient. Though 
not all osteomas grow sufficiently to produce symp- 


toms, the serious complications of excessive growth 
of these tumors has been well documented.'?:?:!$ 


The techniques of surgical management of fron- 
tal sinus osteomas merit a detailed review. Prior to 
use of the osteoplastic flap, the standard frontoeth- 
moidectomy approach to the frontal sinus was 
used.' The technique of osteoplastic flap approach 
to the frontal sinus was described in 1894.!??? Tt 
went through several modifications"?' and, since 
being popularized by Goodale and Montgomery??? 
in the 1950s and 1960s, has been a standard ap- 
proach to diseases of the frontal sinus. In the treat- 
ment of frontal sinus osteomas, it has been used ex- 
clusively at our institution since 1962. Issues to be 
considered with this technique in treating frontal 
sinus osteomas include the location of the skin inci- 
sion, unilateral versus bilateral sinus entry, the 
status of the posterior frontal sinus table and 
nasofrontal duct, and obliteration of the sinus. 


The location of the skin incision influences sev- 
eral aspects of surgical management, including op- 
erative exposure, surgical blood loss, and postopera- 
tive paresthesias and cosmesis. Regarding the loca- 
tion of the skin incision (brow versus coronal), the 
review of Hardy and Montgomery? reported use of 
the brow incision in three fourths of their patients 
who underwent the osteoplastic flap technique for 
all types of frontal sinus disease, including osteo- 
mas. Of these, 60% of the brow incisions were uni- 
lateral. The brow incision (external frontal ap- 
proach) also was used predominantly in other re- 
cent series of frontal sinus osteoma patients.^? In 
our series, we treated 21 patients with the osteoplas- 
tic flap technique. In seven patients (3376) we used 
brow incisions (unilateral in three and bilateral in 
four), and in 14 patients (67% ) we used coronal in- 
cisions. 


Surgical blood loss associated with incision tech- 
nique was reported also by Hardy and Montgom- 
ery.?* As would be expected, average blood loss was 
250 mL for a unilateral brow incision, 350 mL for a 
bilateral brow incision, and 650 mL for a coronal 
incision. In our series, average blood loss was 225 
mL for a unilateral brow incision, 300 mL for a bi- 
lateral brow incision, and 450 mL for a coronal in- 
cision. The two patients in our series who received 
blood transfusions following surgery had coronal 
flaps. When elective surgical treatment using the 
coronal incision is anticipated, blood supply via 
autologous donation or a designated donor may be 
considered. 


The coronal incision in the osteoplastic flap ap- 
proach to frontal sinus osteomas has been used fre- 
quently at our institution on men and women, ex- 
cept men with pattern baldness or a family history 
of such. In our experience the coronal incision 
yielded higher patient satisfaction, because the scar 
was hidden behind the hairline. Patients also com- 
plained less of brow and forehead paresthesias 
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when it was used. 


In connection with the coronal skin incision, the 
bilateral frontal sinus osteoplastic flap and sinus en- 
try technique has been used frequently at our insti- 
tution and in 77% of the patients in our series. Sev- 
eral factors may have played a role in this. First, in 
review of our series, four patients had bilateral 
frontal sinus osteomas, all of which included small 
osteomas on the opposite side that only were appre- 
ciated intraoperatively during sinus exposure via a 
bilateral osteoplastic flap technique. Second, pa- 
tient satisfaction with forehead profile appearance 
was higher following a bilateral osteoplastic flap 
technique than following a unilateral flap tech- 
nique. 


After sinus entry and osteoma exposure, the 
status of the posterior frontal sinus table and naso- 
frontal duct is an important consideration. Our 
series was reviewed to determine osteoma location 
in relation to the posterior table and nasofrontal 
duct. In 19 charts, the location of the osteoma was 
determined by description in the operative report. 
Seven patients had osteoma arising from the posteri- 
or sinus table, and none had wall erosion. In eight 
patients, the osteoma was felt to obstruct the naso- 
frontal duct. Next, the significance of the proximity 
of osteoma to these structures was investigated. 


The posterior frontal sinus table was considered 
first. In our experience, during osteoma removal 
from the posterior table, exposure of dura occurred 
in three patients. No dural tears were seen. The si- 
nuses were all obliterated and the patients had no 
complications. This series had no cases of posterior 
table erosion by osteoma; however, Hardy and 
Montgomery” reported this in six of 25 of their 
frontal sinus osteoma patients. Good results also 
were reported with sinus obliteration. When the os- 
teoma extends into the anterior cranial fossa, a com- 
bined craniofacial approach to these tumors has 
been required. 1829 


The nasofrontal duct of the frontal sinus lies at 
the medial-inferior aspect of the sinus floor. In our 
series we frequently found osteomas at this location. 
In two of eight patients in whom the osteoma ap- 
peared to obstruct the nasofrontal duct, we found 
concomitant obstructive sinus mucosal disease. 
Conversely, we found no sinus mucosal disease in 
six patients with similarly "obstructing" osteomas. 


After osteoma removal, the issue of obliteration 
of the frontal sinus is considered. The technique of 
obliteration of the frontal sinus with adipose tissue 
has been reviewed by several authors.?^?9?* Mont- 
gomery has shown in dogs that transplanted fat tis- 
sue remains viable and no osteogenesis occurs.?? 
This technique has been used successfully in man- 
agement of all types of frontal sinus disease. In their 
large series of the osteoplastic flap technique, Har- 
dy and Montgomery” reported that 83% of patients 


had sinus fat obliteration and 17% did not. Of those 
who had obliteration, 4% required revision sur- 
gery. In the group not receiving obliteration, 10% 
needed revision surgery. The most common reason 
for revision was recurrent chronic sinus infection. 
Unfortunately, their report did not detail separately 
the patients with frontal sinus osteoma, 10% of the 
250 patients in their series. They advocated that 
“adipose obliteration should be accomplished in all 
cases, regardless of etiology, unless suspected malig- 
nant disease is encountered.”** It was emphasized 
that frontal sinus disease may recur decades after 
initial treatment. They speculated that even their 19- 
year follow-up may have been inadequate in deter- 
mining the long-term fate of frontal sinuses obliter- 
ated with an adipose graft. 


Zonis et al?’ reported on 15 frontal sinus osteoma 
patients treated with the osteoplastic flap tech- 
nique. They divided their group into those in whom 
no concomitant sinus mucosal infectious disease was 
present at surgery and those in whom infection was 
present. In nine patients in the former group no fat 
obliteration was performed. In four of six patients 
in the latter group, including two with large poste- 
rior table defects, fat obliteration was accom- 
plished. Zonis et al reported good results in both 
groups; however, the patients were followed up for 
9 years or less. 


In our series, sinus obliteration was accomplished 
by harvest of adipose tissue from the abdomen and 
removal of all vestiges of sinus mucosa by curettage 
and drill. The complete removal of sinus mucosa 
has been strongly emphasized. In Hardy and 
Montgomery's series,?^ three of eight patients with 
recurrent chronic frontal sinus infection following 
the osteoplastic flap technique did not have com- 
plete removal of sinus mucosa at the first operation, 
according to the operative reports. Before place- 
ment of adipose tissue in the sinus cavity, a strip of 
frontal bone pericranium, exposed via the coronal 
incision, was placed in the sinus floor covering the 
nasofrontal ducts and over defects of the posterior 
table.?' An adipose graft then was placed in the 
sinus, the bone flap was replaced, and the wound 
was closed. The pericranial graft provided addi- 
tional support for the graft at the sinus floor and 
further plugging of the nasofrontal ducts. Fat graft 
obliteration of the frontal sinus with use of this 
technique was performed on the last eight patients 
in our series. 


CONCLUSIONS 


Based on review of our experience, the following 
recommendations are given for a frontal sinus os- 
teoma encountered in clinical practice. The first 
question to be asked regarding indications for sur- 
gery is. "Is the osteoma symptomatic?" In general, 
the symptomatic osteoma should be removed. For 
asymptomatic osteomas, the following guidelines 
are suggested. A CT scan of the sinuses should be 
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performed for delineation of the location and extent 
of the tumor. If the osteoma is located at the naso- 
frontal duct or occupies greater than 50% of the 
volume of the frontal sinus, it should be removed. 
Small and laterally located osteomas may be 
watched, provided the patient understands the po- 
tential for growth and has close follow-up, with re- 
peat CT scan in 6 months to 1 year and return if 
symptoms arise. 


In the surgical treatment of frontal sinus osteo- 
mas, the following suggestions are given. The coro- 
nal incision should be used whenever possible, ex- 





cept if a receding hairline or family history of male 
pattern baldness precludes its use. In this case a bi- 
lateral brow incision is used. A bilateral osteoplastic 
flap technique, with removal of the intersinus sep- 
tum, is recommended for improved exposure and 
visualization, of tumor extent. After the frontal 
sinuses are exposed and the tumor is removed, both - 
frontal sinuses are obliterated with a pericranial 
graft and abdominal fat, regardless of the presence 
or absence of sinus mucosal disease. In our experi- 
ence, improved results and increased patient satis- 
faction have been observed with application of 
these management principles. 
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REEVALUATION OF MAXILLARY SINUS SURGERY: 
EXPERIMENTAL STUDY IN RABBITS 
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Functional endoscopic sinus surgery concentrates primarily on the removal of ostiomeatal complex disease. When required, maxillary 
sinus ostioplasty is performed. However, surgical widening of & sinus ostium is contrary to common precepts. A study therefore was per- 
formed to reevaluate the effects of antrostomies and of intrasinus mucosal removal. Widening of the natural ostium, a separate antrostomy 
at some distance from the ostium, or radical mucosal removal was performed on 30 rabbits. Fifteen sinuses were used as controls. After 6 to 
8 weeks the status of the sinus mucosa and mucociliary clearance was studied. The study confirmed that mucociliary clearance continued 
toward the natural ostium following inferior antrostomy. Following widening of the natural ostium, mucociliary clearance through the 
ostium redeveloped in 11 of 18 sinuses but was typically imperfect. There were no cases of ostHal closure; however, the incidence of infec- 
tion was significantly higher in all three experimental groups than in the control group. 


KEY WORDS — antrostomy, maxillary sinus ostioplasty, mucociliary clearance. 


INTRODUCTION 


The natural ostium of the maxillary sinus fre- 
quently is widened during functional endoscopic 
sinus surgery when maxillary sinus disease is present 
and the opening is stenotic.’ Clinical experience 
demonstrates that these maxillary ostioplasties have 
a very high patency rate and appear to develop mu- 
cociliary clearance. However, the effects of “vio- 
lating the virginity” of the ostium have been de- 
bated in the literature for over 50 venrs 28 


In the early part of this century, Siebenmann’ ad- 
vocated a middle meatal antrostomy because of the 
ease of the approach, and Kubo® recommended the 
technique because of its long-term patency. In his 
book on the nasal accessory sinuses, Hajek’ also said 
he had been satisfied with the results. Furthermore, 
Hajek stated that if closure or marked narrowing of 
the maxillary ostium was present, it was imperative 
to open it rather than just create dependent drain- 
age, if recurrent disease was to be avoided. 


In the early literature, the primary argument 
against middle meatal antrostomy was the concept 
of dependent drainage.? Subsequently, the orga- 
nized patterns of mucociliary clearance were iden- 
tified. However, concern then developed about the 
possibility of trauma to the ostium causing perma- 
nent damage.'? In part, this concern appears to 
have been due to a misconception. Proetz!! wrote 
that the primary vascular, lymphatic, and neuro- 
logic communications with the sinus occurred via 
the ostium, in one of his early publications. He went 
on to say, "When one considers the protracted pain 
and the paresthesias which follow the section of 


peripheral nerves elsewhere, the fact of the nerves 
entering by the ostium assumes a serious aspect 
from a surgical viewpoint.” 


Hilding” subsequently performed a number of 
experiments on the effects of stripping mucosa from 
the frontal and maxillary sinuses of animals. He 
demonstrated that denuding circular areas of muco- 
sa adjacent to the ostium in the frontal sinus of dogs 
frequently resulted in closure. He also performed a 
series of experiments in rabbits, creating antral win- 
dows at different sites in the sinuses. +° He reported 
difficulty identifying mucociliary clearance in the 
rabbit and attributed this to the anesthesia. Hilding 
used three animals in each of three operative groups. 
At reexploration he found that all three animals in 
which the natural ostium was widened became in- 
fected, whereas only two of three animals in which 
the opening was made in the inferior portion of the 
sinus became infected. In another group Hilding 
created an opening high on the medial wall, as far 
from the natural ostium as possible, and none of the 
three animals became infected. Largely as a result 
of this work, the precept of avoiding surgery on the 
natural ostium became firmly established and in- 
ferior meatal antrostomy became accepted as the 
approach of choice, despite isolated reports of good 
results with the middle meatal route 2 


This study was performed to reevaluate the ef- 
fects of widening the maxillary sinus in a larger 
series of rabbits than the group operated upon by 
Hilding. In Hilding's experiments the rabbits with 
middle meatal antrostomy became infected in the 
early postoperative period, before mucociliary 
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Fig 1. Intraoperative view demonstrating surgical ex- 
posure following removal of bone over maxillary sinus (m). 


clearance would have become reestablished. In this 
series, therefore, a decision was made to treat the 
animals with antibiotics in the early postoperative 
period, as is frequently performed in the clinical 
situation. Additionally, the effects of removing all 
accessible mucosa from the maxillary sinus were 
evaluated both with and without a separate nasal 
antral window. 


MATERIALS AND METHODS 


Thirty New Zealand white rabbits underwent in- 
duction of anesthesia with an intramuscular injec- 
tion of 100 mg of ketamine hydrochloride mixed 
with 5 mg of acepromazine maleate. This then was 
supplemented with 6 to 8 mg of intravenous thiam- 
ylal sodium prior to the onset of the operation and 
at 20- to 30-minute intervals during the procedure. 
The area of the nasal dorsum was shaved, prepared, 
and draped. A longitudinal midline incision was 
made over the dorsum of the nose through the skin, 
subcutaneous tissue, and periosteum. The perios- 
teum was elevated laterally on both sides of the 
nose. Initial entry into the maxillary sinus was per- 
formed with a curette, and the opening then was 
widened with a small punch (Fig 1). When muco- 
ciliary clearance was to be observed at this first pro- 
cedure, a plastic adhesive drape then was applied 
and a small perforation created for endoscopic 
visualization. The maxillary sinus mucosa was irri- 
gated with saline as necessary, to prevent drying. A 
few drops of india ink were used to allow observa- 
tion of mucociliary clearance. 


The animals were divided into groups for the dif- 
ferent procedures. Experimental controls were 
created by only exposing the maxillary sinus on one 
side in 15 animals. The type of procedure per- 
formed on the remaining sinuses in each group was 
predetermined and consistent. Three animals died 
of the initial anesthesia and were replaced. 


In 18 sinuses the natural ostium of the sinus was 
widened anteriorly and inferiorly. In the first seven 
animals in this group, attempts to widen the natural 
ostium resulted in some stripping of the adjacent 
mucosa; in the subsequent 11 animals a less trau- 
matic technique utilizing sharp dissection was per- 
formed. In 12 sinuses separate windows were 
created inferior and anterior to the natural ostium. 
In four sinuses in this group a strip of mucosa also 
was removed from the area of the natural ostium. 


In 13 sinuses the mucosa was removed as it would 
be in a radical antrostomy. The precise technique in 
this group was varied slightly as it might be in Cald- 
well-Luc procedures. In five sinuses within this 
group a nasal antral window also was created, and 
in four, care was taken to leave the mucosa of the 
ostial area intact. Two of the original 60 sinuses 
were excluded from the study because of technical 
problems during the operative procedure. 


The incision on the dorsum of the nose of each 
animal was closed in two layers with running 4-0 
polyglactin 910 sutures. The animals received 
300,000 units penicillin G, benzathine and peni- 
cillin G procaine suspension intramuscularly every 
other day for 2 weeks. At each injection, the ani- 
mals were examined for evidence of erythema or 
swelling of the nasal dorsum or for nasal discharge. 


The animals were reexplored 6 to 8 weeks after 
the initial operation. Similar anesthesia and opera- 
tive techniques were used. The presence or absence 
of discharge or soft tissue within the sinus was noted, 
and the appearance of the mucosa observed under 
magnification. The sinus was considered infected 
when there was evidence of discharge or mucosal 
thickening within the sinus. A few drops of india ink 
then were applied to the floor of the sinus, and a 
plastic drape was applied and perforated to allow 
access with a 4-mm telescope. The presence or ab- 
sence of mucociliary clearance was observed and 
documented with serial photographs. In some si- 
nuses videotaping of the mucociliary transport also 
was performed. Any abnormalities of the mucocili- 
ary transport pattern were observed and docu- 
mented. If, over time, mucociliary transport 
ceased, the sinus was irrigated with normal saline 
and the transport reexamined. When mucociliary 
transport had been documented completely, the an- 
imals were killed painlessly with an overdose of 
sodium pentobarbital. 


RESULTS 


Initial Procedure. At the initial operative proce- 
dure, nine sinuses (15%) in six animals appeared in- 
fected. The type of operation performed on these 
sinuses was not changed because of the presence of 
infection (five in the nasal antral window group, 
two in the ostioplasty group, and two in the radical 
antrostomy group), and four of the sinuses were 
clear of infection at reexploration. 


-- 
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Fig 2. Endoscopic views of right maxillary sinuses used as surgical cortrols. India ink had been instilled and is seen 
passing toward ostium. A) Unusually brisk mucociliary clearance passir g superiorly toward ostium (star) and out into 
nose. B) More typical clearance pattern toward natural ostium (arrow). 


The pattern of mucociliary clearance was noted 
to be similar to that previously reported in humans, 
spreading out in a star-shaped pattern from the 
floor, up the walls, and toward the natural ostium. 
The ink typically moved at a speed of 10 to 15 
mm/min, with the speed increasing as the ostium 
was approached. Mucociliary clearance was mark- 
edly slowed or stopped by the effects of airflow and 
drying. 


Control Group. In the control group (n = 15), all 
sinuses healed well, but three (20%) had evidence 
of infection. In one sinus the natural ostium af- 
peared to be closed as a result of accidental trauma 
at the first procedure. Mucociliary clearance was 
present in 13 (87%) with pattern unchanged from 
the initial procedure (Fig 2). 


Nasal Antral Window. All the sinuses in this 
group (n = 12) healed well, and 11 (92%) of the an- 
trostomies remained patent. Infection was present 
in five sinuses (41%), and mucociliary clearance in 


Fig 3. Right maxillary antrum fol- 
lowing secondary antrostomy. A) 
Endoscopic view demonstrates re- 
circulation of ink into sinus 
(straight arrow) through superior 
edge of antrostomy. It exits again 
through natural ostium (curved 
arrow). B) Artists representation 
of mucociliary clearance seen in 
A. There is some mucociliary 
clearance into nose through inferi- 
or edge of antrostomy. Recircula- 
tion of mucus into sinus is present 
at superior aspect of antrostomy. 


ten (8.76). There was no redirection of the muco- 
ciliary clearance pattern. Mucociliary clearance re- 
mained toward the natural ostium, and no differ- 
ence was observed in those sinuses in which a strip 
of mucosa was removed from the area of the ostium. 
Some mucociliary clearance did take place through 
the inferior aspect of the antrostomy and into the 
nose when that opening lay in the path of the mu- 
cocilia-y clearance tracks. In six sinuses (50% ) mu- 
cocilia-y clearance also was noted as being into the 
sinus along the superior edge of the antrostomy. In 
each of these six sinuses the ink was seen to leave the 
sinus -hfough the natural ostium and reenter 
throug1 the antrostomy. It then recirculated out 
througa the natural ostium (Fig 3). 


Ostieplasty Group. In the ostioplasty group 
(n = 18:, all the widened ostia remained patent, but 
infection was present in 11 (61%) of the sinuses. In 
three s nuses an abscess formed over the bridge of 
the nose in the early postoperative period. One of 
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Fig 4. Endoscopic view of left maxillary sinus following 
widening of natural ostium (O). Ink is seen passing toward 
inferior aspect of opening (black arrows). More posterior- 
ly, ink is seen passing out of ostium (white arrow). 


these abscesses resolved, and the remaining two 
were found to have become isolated from the sinus 
at the time of reexploration. Mucociliary clearance 
was present in 13 (72%) of the sinuses, and the dye 
was seen to pass through the ostium in 11 (61%). In 
general, however, mucociliary clearance was 
weaker than in the control group, and imperfect in 
the ostial area. The normal speed gradient present 
within the sinus was absent, and the dye tended to 
collect inferiorly in the area in which the ostium 
had been extended (Fig 4). 


Radical Antrostomy Procedures. In this group 
(n=13), the sinus cavity was typically very re- 
tracted in size. There was evidence of new bone 
growth and considerable fibrous tissue. In some si- 
nuses the medial wall was retracted laterally into 
the sinus cavity and appeared osteitic. In six sinuses 
(46%) there were separate cysts that did not com- 
municate with the ostium. The ostium was open in 
one sinus (8 % ), stenosed in seven (54%), and closed 
in five (38%). There was evidence of mucosal infec- 
tion in eight (62%). Mucociliary clearance was ob- 
served in six sinuses (46%) within this group, but 
the ink was observed to exit through the natural os- 
tium in only two (15%). Mucociliary clearance was 
also present in some of the cysts. Close observation 
demonstrated that the direction of mucociliary 
clearance in these cysts still tended to be toward the 
natural ostium, although there was no communica- 
tion with it. In two cysts the ink was seen to collect 
at a certain point on the medial wall, as if collecting 
in the area in which an ostium should be, and then 


fall back to the floor (Fig 5). 


DISCUSSION 


In the first procedures of this series it was difficult 
to demonstrate mucociliary clearance. Hilding" 





Fig 5. Endoscopic view of cyst in left maxillary sinus fol- 
lowing radical removal of mucosa. Cyst does not commu- 
nicate with ostium, but there is mucociliary clearance (ar- 
rows) up medial wall of cyst to point at which ink collects 
(star). From this point, ink falls by gravity to floor of sinus. 


reported a similar problem and attributed it to gen- 
eral anesthesia with barbiturates. However, the 
problem appears to be primarily due to drying of 
the mucosa from the open sinus. With saline irriga- 
tion of the sinus and the application of an adhesive 
plastic drape, mucociliary activity quickly redevel- 
oped, unless the mucosa had become too severely 
dried. With intermittent irrigation and a tight seal 
around the observing endoscope, it was then pos- 
sible to observe mucociliary clearance for several 
hours. It is clear that the primary mucociliary flow 
pattern is not from anterior to posterior, as sug- 
gested by Hilding," but that it originates from the 
floor. As in the maxillary sinus of humans, mucocil- 
iary clearance was seen to spread out in a star- 
shaped pattern from the floor and then pass up the 
walls to the ostium. 


There are significant differences between the 
maxillary sinuses of a rabbit and those of humans. 
The spontaneous infection rate of the rabbit sinuses 
in this series was high (15%). It is possible that the 
infection rate would have been significantly lower 
if Pasteurella-free animals had been used. There are 
also important anatomic differences that make the 
extrapolation of the rabbit sinus findings to our pa- 
tients questionable. In the rabbit the natural ostium 
of the maxillary sinus is posterior, proximal to the 
primary areas of nasal resistance. As soon as the 
sinus is opened the animal begins to exchange air 
through the sinus, as the route of least resistance. In 
the early postoperative period the periosteum and 
skin over the sinus tend to flap up and down with 
respiration. This marked pressure change and skin 
movement may account for the abscesses that 
formed in the early postoperative period over the 
dorsum of the nose of three animals in which the 
ostium was widened. A similar phenomenon was 
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[] NO CLEARANCE 
CLEARANCE 


SINUSES 





SURGICAL GROUPS 


Fig 6. F with which mucociliary clearance was 
present in different operative groups. In some situations 
m was present, but passage of ink 
through ostium was not documented. C-L — Caldwell- 
Luc procedure, MMA — middle meatal antrostomy, 
NAW —- nasal antral window. 


noted in Hilding’s original series, in which all three 
of his rabbits undergoing widening of the ostium 
developed a dorsal nasal abscess in the postopera- 
tive period.” Equalization of these pressure changes 
also might explain why the least infection was seen 
by Hilding in the three rabbits in which an antros- 
tomy was created as far anterior in the sinus as pos- 
sible. 


Despite the differences in anatomy, some obser- 
vations from this study appear to reinforce previous 
clinical observations. The ostium of the maxillary 
sinus did not close in any of the 18 sinuses in which 
it was widened operatively. Clinically, it is also 
clear that the ostium does not scar closed, but rather 
has excellent patency over Hme 7317 In none of the 
rabbit sinuses was there any change in direction of 
mucociliary clearance patterns when a separate an- 
trostomy was performed, or even when the mucosa 


. was stripped out as in a Caldwell-Luc procedure. If 


mucociliary clearance was present at the second 
procedure, it always had an orientation similar to 
that previously present (Fig 6). This also appeared 
to be true in the limited number of cysts that 
formed isolated from the ostium following the 
Caldwell-Luc procedures. In patients, King origi- 
nally demonstrated in 1935 that mucociliary clear- 
ance continued toward the natural ostium after in- 
ferior meatal antrostomy. À more recent endoscopic 
study also has confirmed this observation.'* How- 
ever, in this study there was also some mucociliary 
clearance into the nose through the inferior aspect 
of the antrostomy when that opening lay in the path 
of the normal mucociliary clearance pattern. 


In 50% of the secondary antrostomy (nasal antral 
window) sinuses there was some recirculation of 
mucus back into the sinus through the superior 
aspect of the opening. A similar phenomenon also 
has been noted in patients when a middle meatal 
antrostomy does not connect with the natural osti- 


C INFECTION 
NO INFECTION 


SINUSES 
seas 
[] I l 
WN 


ELE 


MMA NAW Control 
SURGICAL GROUPS 


Fig 7 Incidence of infection seen in different operative 
ups. Presence of mucosal thickening or mucopurulent 
erge within sinus was taken as evidence of infection. 
Infection was ter in treatment groups (Fisher's exact 
test, p= .03285 [one-tafled]). No statistical difference be- 
tweer treatment groups. Abbreviations as in Fig 6. 


um. 17 In patients this recirculation appears to be a 
cause of failure of resolution of maxillary sinus dis- 
ease following middle meatal antrostomy. How- 
ever, endoscopic observation of patients also sug- 
gests that such recirculation is rare after inferior 
meatal antrostomy, although it does occur occasion- 
ally when the antrostomy is very large. 


Mucociliary clearance has been observed through 
widened maxillary sinus ostia in patients, although 
it has not been demonstrated in prior experimental 
studies. In this study mucociliary clearance was ob- 
served occurring through the widened natural os- 
tium into the nose in 61% of the sinuses. However, 
the mucociliary patterns in the area of the ostium 
were considerably disturbed, with areas of ink re- 
tention Additionally, there was considerable re- 
duction in the overall rate of mucociliary clearance. 
Although the clinical effects of such a reduction are 
uncertain, this observation would appear to argue 
against routine widening of the natural ostium of 
the maxillary sinus during ethmoidectomy. Rather, 
it would appear that ostioplasty could interfere 
with maxillary sinus function if performed in the 
absence of periosteal disease and that the procedure 
therefore should be reserved for cases of stenosis or 
closure. The technique used in the rabbits was, 
however, considerably cruder than that used in pa- 
tients. In the latter an attempt usually is made to 
fold the maxillary sinus mucosa over the inferlor 
edge of the widened opening — a maneuver that 
was not possible in this series. 


At reexploration 61% of the ostioplasty, 41% of 
the nasal antral window, and 20% of the control 
procedures had evidence of infection. The differ- 
ence in -nfection rate between these two experimen- 
tal groups and the control sinuses was statistically 
significent (Fishers exact test, p= .03285 [one- 
tailed]), but there was not a statistically significant 
difference between the two experimental groups. In 
considering these results, it is important to remem- 
ber that the experimental sinuses had normally 
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functioning ostia preoperatively, and that different 
results might have been obtained in the presence of 
ostial obstruction (Fig 7). There was a correlation 
between the absence of mucociliary clearance and 
the presence of infection in the control and two an- 
trostomy groups (Fisher’s exact test, p = .0208 [one- 
tailed]). 


The animals in which a radical removal of maxil- 
lary sinus mucosa was performed all demonstrated 
contracted sinuses with fibrous tissue and new bone 
formation. The medial wall frequently was re- 
tracted laterally and appeared osteitic. These are 
changes that also are observed in some patients after 
Caldwell-Luc procedures. Interestingly, four of the 
five sinuses in which antrostomies were performed 
demonstrated closure of the window. Although the 
numbers are too small to draw any definite conclu- 
sions, this was much higher than the closure in the 
sinuses in which the mucosa was not removed (one 
of 12). Mucociliary clearance out of the ostium was 
generally poor in the radical antrostomy group 
(15%), and the ostium frequently became stenosed 
or closed (92%). In a significant number of sinuses 
in this group (46%), separate cysts had formed that 
did not communicate with the natural ostium. 


These findings suggest that this is an operation with 
a significant chance of causing permanent damage 
to the sinus. 


CONCLUSIONS 


Mucociliary clearance patterns in the rabbit max- 
illary sinus are similar to those seen in humans. 
There was no tendency for mucociliary clearance 
patterns to become reoriented following either a 
separate antrostomy or radical removal of the mu- 
cosa. In this study, whenever mucociliary clearance 
was present it was toward the natural ostium. 
Widening of the natural ostium did not lead to ste- 
nosis, but did lead to some disruption of the normal 
mucociliary clearance patterns. It therefore would 
appear preferable not to perform widening of the 
ostium in patients unless the ostium is closed or ste- 
notic. In the rabbit maxillary sinus, a radical Cald- 
well-Luc type of procedure typically results in a 
contracted and scarred sinus with stenosis or closure 
of the ostium. The formation of separate cysts 
following this operation was common. These find- 
ings add further credence to the concept of per- 
forming a conservative sinus procedure rather than 
a radical mucosal removal as a first procedure. 
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NEWER TECHNIQUE OF LARYNGEAL REINNERVATION: SUPERIOR 
LARYNGEAL NERVE (MOTOR BRANCH) AS A DRIVER OF THE 
POSTERIOR CRICOARYTENOID MUSCLE 
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This report analyzes the experience gained using two different techniques to reinnervate the paralyzed vocal cord. In the neurotization 
group, the superior laryngeal nerve (SLN) motor branch-cricothyroid muscle pedicle was used to reinnervate the posterior cricoarytenoid 
muscle. In the direct nerve anastomosis group, the SLN was anastomosed to the abductor branch of the recurrent laryngeal nerve (RLN), 
and the ansa hypoglossi (AH) to the adductor branch of the RLN. A third group of animals (control) had the right RLN sectioned without 
any anastomosis. About 5 to 6 months postoperatively the animals were killed painlessly and evaluated. The neurotization group revealed 
vocal fold mobilization on the right side to have an average of about half of the mobility of the left, normal side. After the RLN and SLN on 
the left were severed as well as the AH bilaterally, the vocal cord mobility was reduced to about one fourth. The direct nerve anastomosis 
group showed about fourfold less vocal cord mobility than the neurotization group. After the SLN, RLN, and AH were severed bilaterally, 
the control group showed no vocal cord mobility. The neurotization technique has been selected for further experimentation in human 


adults. 


KEY WORDS — laryngeal reinnervation, posterior cricoarytenoid muscle, superior laryngeal nerve. 


A great amount of experimental and clinical 
scientific work has been done in the field of laryn- 
geal reinnervation, but so far there is no technique 
that has wide clinical application. We propose to 
use the superior laryngeal nerve (SLN) motor 
branch as a driver to the posterior cricoarytenoid 
(PCA) muscle in order to achieve remobilization of 
the vocal fold in paralyzed larynges. This report is a 
follow-up on our recently published article.' 


MATERIALS AND METHODS 


This study compares the experience obtained in 
two experimental animal models and a control 
group. The animal used was the dog (beagle). Neu- 
rotization (eight dogs) consisted of reinnervation of 
the right vocal cord with the SLN-cricothyroid 
(CT) muscle pedicle anastomosed to the PCA mus- 
cle. Direct nerve anastomosis (four dogs) consisted 
of anastomosis of the SLN to the abductor branch of 
the right recurrent laryngeal nerve (RLN), and the 
ansa hypoglossi (AH) to the adductor branch of the 
right RLN. In a control group (four dogs), the right 
RLN was severed and resected only, without any at- 
tempt to reinnervate the PCA muscle. The animals 
were evaluated 5 to 6 months postoperatively. Elec- 
tromyographic, histologic, and histochemical stud- 
ies were performed to evaluate the remobilization 
of the paralyzed vocal cords. Details of methods 
used are discussed in our previous publication.' 


RESULTS 


The results of the experimental (neurotization 
and nerve-to-nerve anastomosis) group and the con- 
trol group of animals are summarized in Tables 1 
and 2. The vocal cord mobility of the left normal 
side of each dog was graded 10. The mobility of the 
vocal cord on the right side was compared with the 
left prior to and after severance of the left RLN, left 
SLN, and left AH. Four observers graded the vocal 
cord mobility by watching videotapes. An average 
was obtained. The mean differential between the 
two phases of the evaluation (prior to and after sev- 
erance of the left RLN, SLN, and AH) of the neuro- 
tization group was 5.25—2.62=2.63 (p«.001, 
paired t test; p = .0039, Sign test). 


The rank sum sample test comparing the neuro- 
tization and control groups prior to and after sever- 
ance of the left RLN, SLN, and AH revealed a p 
value of .004, which is significant. The mean dif- 
ferential between the two phases of the evaluation 
of the control group was 1.5—0-2 1.5 (p= .0625, 
nonsignificant). 

The mean differential between the two experi- 
mental groups (neurotization and nerve-to-nerve 
anastomosis) prior to and after severance of the left 
RLN, SLN, and AH was statistically significant 
(p= .004 and p=.0141, rank sum sample test). 


It appears evident that the vocal fold remobiliza- 
tion of the neurotization group is at least fourfold 
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TABLE 1. RESULTS OF NEUROTIZATION PROCEDURE 


Right Vocal Cord Mobility (Grade) 


5 to 6 Months 


Dog Before Severance After Severance 


Experimental 


El 


tr] 
Ot 
ho Co Co O» OO -1 O» -4 


Mean = 5.25 Mean = 2.62 


2 
C2 1 
l 


ooo CH 


C4 2 
Mean = 1.5 


Normal (left) vocal cord mobility graded 10. "Severance" was of left re- 
current laryngeal nerve, superior laryngeal nerve, and ansa hypoglossi. 
Right superior laryngeal nerve-cricothyroid muscle pedicle had been 
used to reinnervate posterior cricoarytenoid muscle after severance of 
right recurrent laryngeal nerve. 


greater than that of the nerve-to-nerve anastomosis 
and control groups. 


On electromyography (EMG), dogs El, E2, E3, 
E4, E5, and E6 revealed reinnervation potentials as 
well as fibrillations. Dogs E7, E8, and E11 were not 
evaluated by EMG because of technical reasons 
(equipment malfunction). Dog E12 showed rein- 
nervation potential even after the left RLN, SLN, 
and AH had been transected, in spite of no vocal 
cord remobilization. Electromyography fs not real- 
ly helpful for evaluation and correlation with vocal 
cord mobility. Histologic studies using hematoxylin 
and eosin, Bodian silver stain, and ATPase showing 
various degrees of regeneration bear no direct corre- 
lation with the degree of vocal cord mobilization.’ 


The neurotization technique reported here ap- 
pears to have sound anatomic and neurophysiologic 
principles. Although vocal cord mobility in the 
right side of the experimental neurotization group is 
limited to about one fourth if compared with the 
normal side, still there is remobilization of the right 
vocal cord that might be significant in improving 
the airway in humans. If the technique could be 
used clinically, it would eliminate the need for a 
tracheostomy or arytenoidectomy. Our experiments 
showed that the direct nerve anastomosis group re- 
vealed extremely poor remobilization of the right 
vocal fold. On the basis of our results, this tech- 
nique should not be tried in humans. 


Our experimental results indicate that laryngeal 
reinnervation (neurotization technique) using the 
SLN motor branch-CT nerve-muscle pedicle as a 
driver to the PCA muscle may represent a successful 
new surgical approach for remobilization of the 
vocal fold. 


TABLE 2. RESULTS OF DIRECT NERVE 
ANASTOMOSIS PROCEDURE 


Right Vocal Cord Mobility (Grade) 
5 to 6 Months 


Dog Before Severance After Severance 
Experimental 
E9 2 0 
E10 3 l 
Ell 3 l 
E12 2 0 
Mean = 2.5 Mean = 0.5 
Control 
Cl 2 0 
C2 l 0 
C3 l 0 
C4 2 0 
Mean = 1.5 


Normal (left) vocal cord mobility graded 10. “Severance” was of left re- 
current laryngeal nerve, superior laryngeal nerve, and ansa hypoglossi. 
Right superior laryngeal nerve had been anastomosed to abductor 
branch of right recurrent laryngeal nerve, and ansa hypoglossi to adduc- 
tor branch of right recurrent laryngeal nerve. 


DISCUSSION 


We feel justified in trying the neurotization tech- 
nique in humans. One of the prerequisites for remo- 
bilization of a paralyzed vocal fold is that the ary- 
tenoid must show passive mobility. Fixation of the 
arytenoid by different pathologic processes excludes 
a patient from eligibility for this proposed proce- 
dure. 


Two groups of patients who may be eligible are 
those who have developed bilateral vocal cord 
paralysis either secondary to trauma such as thy- 
roidectomy or secondary to idiopathic causes. The 
duration of the vocal cord paralysis should be at 
least 6 months. 


We feel that the neurotization technique, if suc- 
cessful, might provide a better airway as well as a 
better quality of voice if compared with the classic 
arytenoidectomy technique. Even if it fails, the pa- 
tient will still be eligible for the classic arytenoidec- 
tomy technique. 


Approval for a clinical trial in adults only has 
been granted by the Institutional Review Board of 
University Hospitals of Cleveland. We have pro- 
posed to try this neurotization technique in eight 
patients. The sensory branch of the SLN will be pre- 
served. Denervation of the CT muscle after the 
SLN-CT nerve-muscle pedicle is developed allows 
for lateralization of the vocal cord, thereby im- 
proving the airway. If the animal experimental re- 
sults can be extrapolated to the clinical trial group, 
a satisfactory airway, although limited, may very 
well be adequate to allow permanent decannula- 
tion of these patients. 


A postoperative period of at least 3 to 6 months 
would be necessary to evaluate the surgical results. 
The patient's opposite vocal cord would be the con- 
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trol side in order to compare mobility of the newly gical procedure is successful, the quality of life of 
ES reinnervated vocal cord. If this newly proposed sur- many patients may be improved. 
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E at the Breakers Hotel in Palm Beach, Florida, April 28-28, 1990. 
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FERRET MODEL FOR ACQUIRED SUBGLOTTIC STENOSIS 


KEITH J. ALEXANDER, MD 


DAVID E. SCHULLER, MD 


COLUMBUS, OHIO 


Researchers continue to look for an improved animal model for the study of acquired subglottic stenosis. This report describes a ferret 
model that reliably produces 40% to 60% stenosis with a method analogous to the pathophysiology of prolonged endotracheal intubation. 
Unlike some previously developed animal models, this model has a low morbidity and a perioperative mortality of less than 5% . Ferrets 
are small, hardy animals that are inexpensive and easy te house, handle, and anesthetize. They are readily available from breeders in a 
uniform size, age, and sex. Their airway is disproportionately large for their body size, making them particularly well suited for the study 


of acquired subglottic stenosis and subsequent surgical therapy. 
KEY WORDS — ferret model, subglottic stenosis. 


INTRODUCTION 


Acquired subglottic stenosis in children most 
commonly occurs as a result of prolonged endotra- 
cheal intubation in a neonate born with infant re- 
spiratory distress syndrome. While subglottic steno- 
sis is considered by most investigators to be an infre- 
quent complication of long-term intubation (1.5% 
to 8.3% ),'^? there is concern that its incidence is ris- 
ing because of the increased survival of premature 
and critically ill newborn infants.?? 


The treatment of acquired subglottic stenosis pre- 
sents a formidable therapeutic challenge. Although 
an immature soft tissue stenosis due to intubation 
injury is potentially reversible by medical and endo- 
scopic means, a long-standing stenosis consisting of 
mature fibrous tissue usually requires some form of 
operative treatment. In the past, most children 
were treated by the use of tracheotomy to establish 
an adequate airway. The perioperative morbidity 
and mortality of infant tracheotomy, although im- 
proved in recent years, is still significant, with some 
investigators reporting an operative mortality as 
high as 8.7 765 and an incidence of delayed compli- 
cations as high as 30% to 49%.** 


A myriad of techniques have evolved in an at- 
tempt to avoid infant tracheotomy. They include 
endoscopic correction,* laser ablation," long-term 
stenting,*? cricotracheal resection with primary 
anastomosis,'? and various combinations of anterior 
and posterior cricoid splits with and without inser- 
tion of autologous grafts.!'^" There is currently no 
single operation for the correction of acquired sub- 
glottic stenosis. 


A paucity of information currently exists com- 
paring the reconstructive options for subglottic ste- 


nosis in a prospective fashion. One obstacle to such 
research is the establishment of a reliable and repro- 
ducible animal model. Most prospective animal 
studies have used the canine model. Although Su- 
pance et al'* have developed a technique that reli- 
ably creates 40% to 50% subglottic stenosis follow- 
ing prolonged intubation in mongrel puppies, their 
model carries with it a 25% perioperative mortali- 
ty. Furthermore, laryngotracheal reconstructive 
surgery often necessitates a tracheotomy, which is 
poorly tolerated in the canine model. Healy$ has 
reported a high rate of mortality secondary to 
tracheal mucous plugs in dogs undergoing tubeless 
tracheotomy despite daily suctioning and humidifi- 
cation in isolated cages. Moreover, dogs are quite 
expensive to obtain and house in the laboratory; 
hence, prospective studies using large numbers are 
impractical. 


Recently a ferret model for the study of postintu- 
bation croup was reported by Woods et al 1 They 
created a reversible subglottic stenosis by intubating 
the larynx with a fiberglass test tube brush, and an 
irreversible subglottic lesion by performing a laryn- 
gofissure and stripping the cricoid mucosa. Ferrets 
are small, hardy animals that are inexpensive to 
procure and house in the laboratory. In addition, 
ferrets have a disproportionately large airway for 
their body size,?? which would seem to make them 
an ideal animal model for the study of acquired 
subglottic stenosis. 


The purpose of this study was to attempt to estab- 
lish a ferret model for acquired subglottic stenosis 
by inducing stenosis via prolonged endotracheal in- 
tubation, thus mimicking the actual pathophysiol- 
ogy that occurs in humans. 


From the Department of Otolaryngology, Columbus Children’s Hospital and The Ohio State University, Columbus. Supported by the Children’s 
Hospital Research Foundation, grant 75-071, Columbus Children’s Hospital, and The Ohio State University Comprehensive Cancer Center Head and 
Neck Oncology Program, National Institutes of Health/National Cancer Institute grant P30-CA16058. This study was performed in accordance with the 
PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for the Care and Use of Laboratory Animals, and the Animal Welfare Act 
(7 U.S.C. et seq.); the animal use protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of Children's Hospital Research 


Foundation, Columbus, Ohio. 
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Fig 1. Experimental design. A) Duration of intubation for 
16 ferrets. B) Sketch showing placement of endotracheal 
tube segment in laryngotracheal complex. Tube is secured 
in place with transcutaneous, transtracheal suture (not 
shown). 


METHODS 


Sixteen 8- to 10-week-old ferrets weighing be- 
tween 440 and 550 g were obtained from Marshall 
Farms, North Rose, NY. All animals were vacci- 
nated for canine distemper and placed on a diet of 
water and dry cat food for 1 week. 


All ferrets were assigned randomly into two 
groups (Fig 1A) and intubated in the following 


Fig 2. Endoscopic views. A) Of in- 
tubated ferret larynx. Arrow — 
cephalic end of 3.5-mm endotra- 
cheal tube positioned 2 to 3 mm 
above glottis. B) Of ferret subglot- 
tis postextubation (group 1, day 
T). Note mucosal irregularity, dif- 
fuse edema, and narrowing. Pho- 
tograph was taken with use of 
2.8-mm 0? Hopkins telescope with 
tip of telescope just below vocal 
cords. 


manner. Ketamine hydrochloride (25 mg/kg) and 
xylazine (4 mg/kg) were administered intramuscu- 
larly and induced prompt surgical anesthesia. The 
larynx was visualized directly, and 1% topical lido- 
caine hydrochloride was applied for supplemental 
anesthesia. The airway then was intubated with the 
distal 3.5 cm of a noncuffed polyvinylchloride en- 
dotracheal tube measuring 3.5 mm in diameter (Fig 
1B). The cephalic end of the tube was positioned 
precisely 2 to 3 mm above the glottis. Pilot studies 
revealed that more cephalic placement of the tube 
resulted in severe aspiration, while more caudal 
placement caused glottic trauma and in some cases 
airway obstruction from exuberant granulation tis- 
sue. The tube was secured in this position by a sin- 
gle 4-0 nylon transcutaneous, transtracheal reten- 
tion suture. This suture was placed by direct visual- 
ization after aseptically preparing the cervical skin 
with povidone-iodine, vertically incising over the 
easily palpable cricoid cartilage and upper tracheal 
rings, and bluntly exposing the laryngotracheal 
complex. Direct laryngoscopy (Fig 2A) confirmed 
both proper position of the tube and intraluminal 
placement of the retention suture. The skin was 
closed with 5-0 chromic gut, and the retention 
suture was secured over a small button of folded 
sterile aluminum foil. All animals were given 
perioperative intramuscular benzathine penicillin 
(200,000 units), and this dose was repeated every 
third day postoperatively. 


The animals in each group were weighed daily 
and closely monitored for signs of dehydration, 
weight loss, and aspiration. Initially all animals 
coughed ‘and aspirated minor amounts. However, 
only profound weight loss and dehydration re- 
quired premature extubation. The animals were ex- 
tubated after either a 1- or 2-week period. Half of 
the animals in each group were killed immediately 
(by painless infusion of Euthol, 2 mL/kg) to look for 
acute changes in the airway, and the remaining 
animals underwent necropsy after an additional 
2-week period that allowed time for maturation of 
the airway injury. 
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Fig 3. Serial horizontal sections through laryngotracheal complex. A) Subglottis is minimally narrowed by diffuse soft tissue edema 
following 7 days of intubation. B) Subglottis is narrowed considerably more after 2-week period of intubation. C) Resolution of 
acute subglottic injury 2 weeks after intubation for 7 days, with minimal residual subglottic stenosis. D) Progression and maturation 
of subglottic injury 2 weeks after intubation for 14 days, with marked reduction in subglottic lumen. 


The degree of subglottic injury was ascertained 
first by inspecting the airway with use of a 2.8-mm 
0° Hopkins telescope made by Karl Storz (Fig 2B). 
The gross appearance of the mucosa was noted, and 
the percentage of subglottic stenosis visually esti- 
mated. Serial sections of the laryngotracheal com- 
plex were obtained at the time of necropsy (Fig 3) 
for additional analysis. The specimens were fixed in 
formaldehyde and submitted for gross and histo- 
logic inspection. Prior to fixation, the section of 
each specimen through the cricoid lamina was pho- 
tographed (Kiron 105-mm Macro Lens with a mag- 
nification ratio of 1:1). Photographic prints (20 x 
27.5 cm [8 x 10 in]) were the means of performing 
computerized polar planimetry (Bioquant System 
IV software, SummaSketch Plus digitizer, IBM PC) 
to calculate the actual area (mm?) of subglottic 
stenosis (Fig 4). This area of subglottic stenosis then 
was expressed as a percentage of the cross-sectional 
area at this level. 


RESULTS 


Group 1. All of the animals in group 1 developed 
a mild to moderate amount of subglottic stenosis, as 
seen in Table 1. At the end of the 7-day period of in- 
tubation, the subglottic mucosa endoscopically ap- 
peared hyperemic and irregular, with focal areas of 
ulceration (Fig 2B). There was a mild mucopuru- 
lent exudate. These gross findings correlated with 
those of the microscopic examination, which 
showed an inflammatory infiltrate into the submu- 
cosal layer centering around the areas of ulceration. 
There was no evidence of significant perichondritis 
or damage to the cartilaginous structures. When 
four animals in group 1 were examined on day 21 


(necropsy 2 weeks postextubation), three of the four 
had begun to show resolution of their soft tissue 
stenosis (Fig 3A,C). Histologically there was mild 
squamous metaplasia in the respiratory epithelium 
lining the airway, but the soft tissue swelling and 
inflammatory infiltrate in the submucosal layer 
were less dense. The fourth animal showed evidence 
of a more chronic inflammatory reaction and had 
the most residual stenosis grossly. None of the 
animals in group 1 showed clinical evidence of re- 
spiratory distress. 





Fig 4. Photograph of ferret airway through cricoid lamina. 
Cross-hatching represents area (mm?) of subglottic stenosis 
calculated by use of computerized polar planimetry. This 
area was expressed as percentage of cross-sectional area of 
airway at this level. 
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TABLE 1. PERCENTAGE OF ACQUIRED SUBGLOTTIC 
STENOSIS AS CALCULATED BY COMPUTERIZED 
POLAR PLANIMETRY 





Group 1 Group 2 
Day 7 Day 21 Day 14 Day 28 

38 % 39 % 57 % 59 % 

58 % 60 % 43 % 85 % 

47 9o 37 % 64 % 44% 

60 % 41% 56 % 66 % 
Mean 51% 44% 55 % 63 % 
Range 37 % -85 % 


cricoid area (mm?) — airway 


luminal area (mm? 
Subglottic stenosis = MAR ded um] x 100 
cricoid area (mm?) 


Group 2. All of the animals in group 2 ceveloped 
a moderate amount of subglottic stenosis. But in 
contrast to group 1, the injury was of a more 
chronic variety and seemed to mature witl. time. As 
can be seen in Fig 3B, there was more zross evi- 
dence of soft tissue swelling and narrowing of the 
airway after this 2-week period of intuba:ion. The 
amount of stenosis actually may have been re- 
stricted by the stenting effect of the endotracheal 
tube. Endoscopically, there was soft granulation 
tissue lining the airway, with a diffuse mucopuru- 
lent exudate. Microscopically (Fig 5), there again 
was mucosal ulceration evident, but with a denser 
inflammatory infiltrate and early organization of 
the connective tissue stroma. There was also evi- 
dence of perichondritis, and occasionally cysts were 
seen within the soft tissue stenosis. As can be seen in 
Table 2, the average amount of subglottic stenosis 
in the animals in group 2 increased with time from 


55% to 63%. Grossly, this was evident by the 
moderate and in one case severe stenosis of the sub- 
glottic airway seen in the animals extubated for 2 
weeks prior to necropsy (Fig 3D). Clinically, the 
anima. with severe stenosis was showing signs of in- 
creasing respiratory distress at the time of necropsy. 
Histologically (Fig 6), there was evidence of a ma- 
turing chronic fibrosis. 


DISCUSSION 


The ferret model for acquired subglottic stenosis 
follow ng prolonged endotracheal intubation here- 
in described mimics the actual pathophysiology that 
occurs in humans. This pathophysiologic process 
has been investigated and previously reported in the 
literature.?'-*4 In the ferret, intubation with a 
modified noncuffed endotracheal tube for 7 days 
produces a soft, usually reversible stenosis in the 
subglo-tis and trachea. Intubation for at least 14 
days causes the acute airway injury to progress in a 
predic-able fashion, ultimately resulting in a ma- 
ture, ronreversible subglottic stenosis. Unlike histo- 
logic changes seen in traumatized rabbit airways,” 
there ss no evidence of early ectopic cartilage for- 
mation in the subglottic fibrous tissue of the ferret. 
The initial pilot studies using the ferret model failed 
to show a more substantial subglottic stenosis when 
intubation exceeded 14 days; this finding is similar 
to tha- reported by Supance et al'® for the canine 
model Other pilot studies with this ferret model 
also fa_led to show that a more traumatic initial air- 
way irsult, such as intubation with a fiberglass test 


Fig 5. Paotomicrograph of horizontal section through subglottic 
larynx (group 2, day 14). A) Mucosal ulceration with early organ- 
ization ox mucosal fibrinous exudate (H & E, original x22). Note 
small cy& buried within this soft tissue stenosis. B) Higher magni- 
fication of stenotic area, illustrating abundant dilated mucous 
glands within fibrous connective tissue stroma (H & E, original 
x40). Perichondritis is also evident. 
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TABLE 2. SUMMARY OF RESULTS 


Average 
Subglottic 
Group Day Microscopic Findings Stenosis 
l 7 Submucosal inflammatory infiltrate, 51% 
edema, mucosal ulceration 
l 2] Seite metaplasia, resolution of 44% 
soft tissue stenosis 
9 14 Severe mucosal ulceration, marked in- 55% 
flammatory infiltrate with early fi- 
brous organization, perichondritis, 
occasional submucosal cysts 
2 28 Maturing fibrosis 63 % 


tube brush, would shorten the intubation time 
needed to cause a significant subglottic stenosis. 
The results of this study demonstrate that the dura- 
tion of intubation in this ferret model for acquired 
subglottic stenosis is at least as important, if not 
more so, than an initial traumatic insult to the air- 
way. 


Pilot studies also were done to determine the fea- 
sibility of a tubeless tracheotomy in the ferret, in a 
manner similar to that described by Hansen?‘ in the 
cat. Although it was possible to induce near-total 
subglottic stenosis above the stoma, the tubeless tra- 
cheotomy was not tolerated by the ferrets, with a 
perioperative mortality of 50% to 75% from tra- 
cheal mucous plugs in spite of humidification and 
suctioning three times per day. 


The perioperative mortality in the ferret model 
using only prolonged endotracheal intubation to in- 
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duce the subglottic injury was, however, less than 
5%. In addition to the original 16 animals reported 
in this study, the authors subsequently have used 
this model with an additional 24 animals, and only 
one animal has died, of massive emesis and subse- 
quent aspiration. Although all the animals initially 
aspirated and lost weight, most learned to swallow 
around the cephalic portion of the endotracheal 
tube, and only three required early extubation be- 
cause of severe dehydration, weight loss, or sepsis. 
All three of these animals ultimately survived. 


Although this ferret model may not be good for 
reconstructive procedures requiring a tracheotomy, 
it offers advantages over other animal models when 
used for procedures not requiring a tracheotomy, 
such as anterior and posterior cricoid split and long- 
term stenting. Its advantages over the traditional 
canine model include a substantial cost savings with 
regard to purchase price and housing. Because of 
their relatively small size, large numbers of ferrets 
can be housed and maintained easily in limited 
laboratory space.” The ferret is also quite easy to 
handle and anesthetize. There were no anesthetic- 
related complications in this study. That the ferret 
is readily available from breeders in a uniform size, 
age, and sex eliminates several variables encoun- 
tered when working with mongrel dogs. The dis- 
proportionately large airway makes the ferret a par- 
ticularly well-suited animal for the study of ac- 
quired subglottic stenosis and subsequent surgical 
therapy. 


Fig 6. Photomicrograph of horizontal section through subglot- 
tic larynx (group 2, day 28). A) Maturing fibrosis, producing 
marked stenosis of airway (H & E, original x22). B) Higher 
magnification, revealing interlacing pattern of fibroblasts 
(H & E, original x40). 
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IMAGING CASE STUDY OF THE MONTH 


COMPUTED TOMOGRAPHY OF THE HYPOPLASTIC 
MAXILLARY SINUS 
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INTRODUCTION 


Maxillary sinus opacity is a common plain film 
finding produced by many entities. Some of the ab- 
normalities could be identified on the plain film ex- 
amination. 


Computed tomography and magnetic resonance 
imaging may aid definitive diagnosis of the cause of 
maxillary sinus opacity. To illustrate this concept, 
CT findings in a patient with maxillary sinus opac- 
ity due to sinus hypoplasia will be shown and dis- 
cussed. 


CLINICAL FINDINGS 


A 3l-year-old woman presented with a sensation 
of “fullness” in the left maxillary sinus. This symp- 
tom disappeared with vasoconstrictor nasal medica- 
tions. 


A Waters view (see Figure, A) revealed a clear 
left maxillary sinus. Opacity of the right maxillary 
sinus prompted CT examination. The right orbit 
floor is much lower in position than the left. 


COMPUTED TOMOGRAPHIC FINDINGS 


The Figure, B-D, shows contiguous 5-mm thick 
axial sections of the maxillary sinuses. The lowest 
view, just above the alveolar area, shows a small, 
round sinus space anteriorly with a long bony osti- 
um extending to the middle meatus (see Figure, B). 
The sinus space has a normal mucoperiosteal bor- 
der. Posteriorly, intramedullary bone is present be- 
tween the sinus and the pterygopalatine fissure. 


The next higher CT layer shows communication 
between the sinus ostium and the middle meatus 
(see Figure, C). This is the most medial portion of 
the ostium lying in continuity with the lower slice. 
Slight widening of the nasal fossa transverse dimen- 
sion is present compared to the left side. 


The highest view (see Figure, D) is just below the 
orbit floor. This shows the greatest widening of the 
nasal fossa. The middle meatus is also wider than on 
the opposite side. Posteriorly, the pterygopalatine 
fossa is much larger on the right than on the left. 


The Figure, E, is a coronal CT through the plane 
of the right sinus ostium and small sinus. This shows 
the small vertical sinus dimension on the right com- 
pared to the left. The canine recess is also very high 
in position on this side. The infraorbital canal is 
located lateral to the sinus cavity. 


DISCUSSION 


The main finding in maxillary sinus hypoplasia 
that may serve as a pitfall in diagnosis is sinus opaci- 
ty. If one has only a plain film, the opacity may 
simulate a fluid- or tissue-filled sinus space. A CT 
examination would define better the true sinus con- 
tent. 


Similar diagnostic confusion may result from the 
eye position change produced by enlargement of the 
homolateral orbit in maxillary hypoplasia. Exoph- 
thalmos of the contralateral eye may be suggested 
by the posterior position of the eye on the side of 
maxillary sinus hypoplasia. Both enophthalmos and 
sinus opacity are clinical pitfalls connected with 
maxillary sinus hypoplasia and make recognition of 
the entity very important. 


Karmody et ali presented their findings in respect 
to sinus hypoplasia. Among their 750 patients, 
1.73% (13 patients) had unilateral hypoplasia. Bi- 
lateral hypoplasia was more common, being found 
in 7.2% (54 patients). 


Proops? evaluated histologically the bone of the 
intramedullary area in two cases of sinus hypoplasia 
and found the bone was not abnormal. This author 
also mentioned fibrous dysplasia, Paget’s disease, 
and osteoma as causes of sinus wall thickening that 
were not present in his cases. 


Modic et al? reviewed three patients with uni- 
lateral maxillary sinus hypoplasia and described the 
basic findings in this process. These include low 
position of the orbit floor with an increased vertical 
orbit dimension on the involved side.* They also 
found an increase in the transverse width of the ipsi- 
lateral nasal fossa in their cases. 


Bassiouny et al? described a higher incidence of 
unilateral maxillary sinus hypoplasia in their group 


From the Department of Radiology, The University of Iowa Hospitals and Clinics, Iowa City. 
REPRINTS — Kenneth D. Dolan, MD, Dept of Radiology, The University of Iowa Hospitals and Clinics, Iowa City, IA 52242. 
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of 500 patients. Eighteen patients (3.6%) had uni- 
lateral hypoplasia in their series. These authors also 
describe increased size of the superior orbital fissure 
in 36.1% of their patients with unilateral sinus 
hypoplasia. 


Our patient had all of the above findings in her 
examination. The right canine fossa is elevated, and 
only the anterior portion of the maxilla is pneuma- 
tized. The sinus ostium is elongated and oblique in 


Plain film and computed tomographs. A) Waters view with opaque right maxil- 
lary sinus. Right orbital floor is in low position compared to left (arrows). B-D) 
Axial computed tomog-aphic sections. B) Lowest cut, with “flask-shaped” sinus 
and long ostium (arrowheads). C) Middle cut, 1 cm above A, showing junction 
of long ostium with middle meatus. D) Highest cut, 1 cm above B in orbit floor 
plane. Note widened rasal fossa at this level (arrow). Pterygopalatine fossa is 
enlarged (arrowheads). E) Coronal CT section in midplane of hypoplastic si- 
nus. Canine fossa is “Figh” in position (X), and infraorbital canal is lateral to 
normal mid-position ir. orbital floor (arrow). 


its course. Ipsilateral nasal fossa enlargement and a 
low-ly ng orbit floor with orbit enlargement in the 
verticz] axis are present. The right superior fissure is 
enlarg2d.*? 


An additional finding not reported by other au- 
thors Fut present in this and other cases we have re- 
viewed is enlargement of the pterygopalatine fossa 
due to a short anteroposterior length of the maxilla 
on the affected side. The pterygoid processes are 
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normal in position. Another unreported finding 
present in our patient is the lateral location of the 
infraorbital neurovascular canal, which lies lateral 
to the hypoplastic air cell. These five findings con- 
stitute the complete diagnostic criteria of unilateral 
maxillary sinus hypoplasia: 


Enlargement of vertical orbit. 

Enlargement of superior orbital fissure. 
Elevated canine fossa. 

Enlargement of pterygopalatine fissure. 

Lateral position of infraorbital neurovascular 
canal. 


dud od ad 


DIFFERENTIAL DIAGNOSIS 


Bassiouny et al? also have proposed a classifica- 
tion of maxillary sinus hypoplasia. In the develop- 
mental category are: 


1. Isolated hypoplasia, either primary or related to 
arrested development secondary to infection, 
trauma, or irradiation. 

2. Regional developmental anomalies such as facial 
dysostosis. 


In the acquired category are: 


1. Hypoplasia due to a systemic disorder such as 
thalassemia or cretinism. 

2. Trauma with deformity due to healing of a frac- 
ture or postoperative hypoplasia. 

3. Inflammatory osteitis, best typified by the de- 
creasing maxillary sinus size produced by Wege- 
ner's granulomatosis. 

4. Neoplastic osteitis or osteoblastic metastasis. 

5. Fibroproliferative abnormality such as fibrous 
dysplasia or Paget's disease. 


Dysostosis should result in a bilateral decrease in 
maxillary sinus size. However, the degree of hypo- 
plasia may be dissimilar on the two sides. Most of 
the acquired forms of hypoplasia really produce 
maxillary sinus wall thickening (blastic osteitis), so 
that the sinus air space is reduced while the overall 
size of the maxillary bone is normal or enlarged. 


Rarely, the maxillary sinus may contain a septum 
that when one side of the maxillary cell is pneuma- 
tized and the second opaque may simulate hypo- 
plasia. However, in this condition the overall size of 
the maxillary bone is normal in the cases we have 
reviewed. 
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PATHOLOGY CONSULTATION 


BASALOID-SQUAMOUS CARCINOMAS OF THE UPPER 
AERODIGESTIVE TRACTS 


JOHN G. BATSAKIS, MD 


ADEL EL NAGGAR, MD 


HOUSTON, TEXAS 


Basaloid-squamous carcinoma is a new addition to the lexicon of variants of squamous cell carcinoma. The carcinoma is distinctive 
histologically, is biologically high grade, and manifests a predilection for the base of tongue, hypopharynx, and supraglottic larynx. 


The most common malignancy in the head and 
neck is squamous cell carcinoma. The majority of 
these are of a conventional type, albeit with vari- 
able differentiation. Others are not so phenotypi- 
cally homogeneous, and these variants can pose 
diagnostic and histogenetic problems: the former 
pragmatic, the latter hypothetical. Because of their 
departure from prototypic squamous cell carci- 
nomas, the variants have acquired a separate and 
descriptive nomenclature: verrucous, sarcomatoid, 
nonkeratinizing, clear cell, adenoid, and adeno- 
squamous carcinomas. A new addition to the group 
is the recently described basaloid-squamous carci- 
noma. 


Characterized by Wain et al’ as a distinct histo- 
pathologic entity in 1986, this infrequently encoun- 
tered yet histologically distinctive carcinoma has 
likely been unrecognized or included in other vari- 
ants of squamous cell carcinoma such as adenosqua- 
mous carcinoma. Besides its apparently sharp pre- 
dilection for the base of tongue, the hypopharynx 
(particularly the pyriform sinus), and the supraglot- 
tic larynx (including the epiglottis), the importance 
of the recognition of the carcinoma is twofold. Bas- 
aloid-squamous carcinomas are biologically high 
grade, and because of their markedly divergent 
phenotypic expression, biopsy specimens may not 
be representative of the whole lesion. 


As its name connotes, the carcinoma is distin- 
guished by at least two cytomorphologic com- 
ponents (see Figure). In addition, the carcinoma 
manifests both deep and lateral invasion at the time 
of diagnosis. Since the basaloid-squamous carci- 
noma is a variably differentiated squamous cell car- 
cinoma, that recognizable phenotype is, or should 
be, present. The squamous carcinoma is usually 
well to moderately well differentiated and invasive 
(see Figure, A). Six of the ten carcinomas described 
by Wain et al' and all five of the authors’ cases 


showed this feature. Wain et ali have also described 


From the University of Texas M. D. Anderson Cancer Center, Houston. 


squamous cell carcinoma in situ as a finding. Three 
of our five cases have shown multifocal origin over a 
broad area of mucosa, and all five were deeply in- 
vasive into the seromucous gland layer or skeletal 
muscle. Invasion is by the squamous or basaloid 
component or both. 


It is, however, the basaloid component that sets 
the carcinoma apart. The growth pattern of the 
basaloid cells is often lobular, but can be in cords or 
trabeculae (see Figure; C,D). Hyperchromatism is 
imparted by the small, often closely apposed cells 
and dark nuclei. The nuclei also can be large and 
vesicular. Central necrosis, a hyalomucoid stroma 
and ribbon, or cystic, glandlike spaces completes 
the diversity of expression. The bulk of the basaloid 
component may not have a unity with either the 
squamous carcinoma component or the surface mu- 
cosa, but where this is present it is unequivocal (see 
Figure, E). 


A sampling deficiency of biopsy may not provide 
a specimen with both components of the carci- 
noma. Without the squamous cell carcinoma fea- 
tures, a submucosal salivary gland neoplasm (perti- 
nently high-grade adenoid cystic carcinoma) or a 
neuroendocrine carcinoma is suggested. 


Eleetron optic study of the basaloid cells has 
demonstrated few organelles other than desmo- 
somes, rare tonofilaments, and free ribosomes.' 
Granules, neurosecretory or otherwise, have not 
been identified. 


There is no question that basaloid-squamous car- 
cinoma is an aggressive malignancy. Six of the ten 
patients reported by Wain et al' had metastases to 
cervical lymph nodes at the time of initial surgery. 
Distant metastases were present in four, and two 
others developed distant spread (lungs, bones, or 
multiple). The carcinomas can be rapidly lethal. 
Three of the four deaths reported by Wain et al? oc- 
curred within 1 year of primary surgery. 





REPRINTS — John G. Batsakis, MD, Division of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 
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Invasive moderately 
J; 
Note focal junc- 


(original x120). C) Pseudo- 


Transition zones between conventional squamous cell 


squamous carcinoma of base of tongue. 
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differentiated squamous cell carcinoma component (original 
id 


). 


carcinoma and basaloid component 
Central necrosis and vesicular nuclei in lobular infiltrating mass 


of basaloid component (original x160). E) Mucosal surface of 


glandular architecture of basaloid elements (original x140 
basalo 


well 
x120 





tions with squamous carcinoma and preponderantly submucosal 


basaloid component (original x140). 
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BECONASE NASAL INHALER 
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An exclusive case for BECONASE 
unavailable with the other brand of beclomethasone 
dipropionate. 


Longer nozzle helps direct spray 
snapped open His exclusive new case reveals a new, 
longer nasal piece for accurate drug delivery. 


A case for patient preference" 

Patient acceptance of a medication is important for 
compliance. In a study of 48 patients, the majority 
preferred the new delivery unit over the prior models 
for ease of use, force of spray, likeliness to use, and 
overall preference. 





Now...only from Allen & Hanburys 


*Allen & Hanburys will phase out the older nasal inhaler with the introduction of the new delivery unit. 
tNo significant alterations of the nasal mucosal histology observed in up to 12 years of regular use? 
tThis study compared the new BECONASE delivery unit with the old BECONASE delivery unit. 

Please consult Brief Summary of Prescribing Information on the following page. 
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BECONASE' Nasal Inhaler BRIEF SUMMARY 
(beclomethasone dipropionate, USP) 


For Nasal Inhalation Only 


The following is a brief summary only. Before prescribing, see complete 
prescribing information in BECONASE® Nasal Inhaler product labeling 


CONTRAINDICATIONS: Hypersensitivity to any of the ingredients 


of this preparation contraindicates its use. 


WARNINGS: The replacement of a systemic corticosteroid with 
BECONASE® Nasal Inhaler can be accompanied by signs of adrenal 
insufficiency. 

Careful attention must be given when patients previously treated for 
prolonged periods with systemic corticosteroids are transferred to 
BECONASE Nasal Inhaler. This is particularly important in those patients 
who have associated asthma or other clinical conditions where too 
rapid a decrease in systemic corticosteroids may cause a severe exa 
cerbation of their symptoms 

Studies have shown that the combined administration of alternate 
day prednisone systemic treatment and orally inhaled beclomethasone 
increases the likelihood of HPA suppression compared to a therapeutic 
dose of either one alone. Therefore, BECONASE Nasal Inhaler treatment 
should be used with caution in patients already on alternate-day pred- 
nisone regimens for any disease 

If recommended doses of intranasal beclomethasone are exceeded 
or if individuals are particularly sensitive or predisposed by virtue of 
recent systemic steroid therapy, symptoms of hypercorticism may 
occur, including very rare cases of menstrual irregularities, acneiform 
lesions, and cushingoid features. If such changes occur, BECONASE 
Nasal Inhaler should be discontinued slowly consistent with accepted 
procedures for discontinuing oral steroid therapy 


PRECAUTIONS: General: During withdrawal from oral steroids, some 
patients may experience symptoms of withdrawal, eg, joint and/or 
muscular pain, lassitude, and depression 

Extremely rare instances of nasal septum perforation and increased 
intraocular pressure have been reported following the intranasal appli- 
cation of aerosolized corticosteroids 

In clinical studies with beclomethasone dipropionate administered 
intranasally, the development of localized infections of the nose and 
pharynx with Candida albicans has occurred only rarely. When such an 
infection develops, it may require treatment with appropriate local ther 
apy or discontinuation of treatment with BECONASE® Nasal Inhaler 

Beclomethasone dipropionate is absorbed into the circulation. Use 
of excessive doses of BECONASE Nasal Inhaler may suppress HPA 
function 

BECONASE Nasal Inhaler should be used with caution, if at all, in 
patients with active or quiescent tuberculous infections of the respira- 
tory tract; untreated fungal, bacterial, or systemic viral infections; or 
ocular herpes simplex 

For BECONASE Nasal Inhaler to be effective in the treatment of nasal 
polyps, the aerosol must be able to enter the nose. Therefore, treatment 
of nasal polyps with BECONASE Nasal Inhaler should be considered 
adjunctive therapy to surgical removal and/or the use of other medica 
tions which will permit effective penetration of BECONASE Nasal Inhaler 
into the nose. Nasal polyps may recur after any form of treatment 

As with any long-term treatment, patients using BECONASE Nasal 
Inhaler over several months or longer should be examined periodically 
for possible changes in the nasal mucosa 

Because of the inhibitory effect of corticosteroids on wound healing 
patients who have experienced recent nasal septum ulcers, nasal sur 
gery, or trauma should not use a nasal corticosteroid until healing has 
occurred 

Although systemic effects have been minimal with recommended 
doses, this potential increases with excessive doses. Therefore, larger 
than recommended doses should be avoided 


Information for Patients: Patients should use BECONASE* Nasal Inhaler 
at regular intervals since its effectiveness depends on its regular use 
The patient should take the medication as directed. It is not acutely 
effective, and the prescribed dosage should not be increased. Instead. 
nasal vasoconstrictors or oral antihistamines may be needed until the 
effects of BECONASE Nasal Inhaler are fully manifested. One to two 
weeks may pass before full relief is obtained. The patient should contact 
the doctor if symptoms do not improve, or if the condition worsens, or 
if Sneezing or nasal irritation occurs. For the proper use of this unit and 
to attain maximum improvement, the patient should read and follow 
carefully the patient's instructions section of the package insert 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Treatment of rats 
for a total of 95 weeks, 13 weeks by inhalation and 82 weeks by the oral 
route, resulted in no evidence of carcinogenic activity. Mutagenic stud- 
ies have not been performed 

Impairment of fertility, as evidenced by inhibition of the estrous cycle 
in dogs, was observed following treatment by the oral route. No inhibi- 
tion of the estrous cycle in dogs was seen following treatment with 
beclomethasone dipropionate by the inhalation route 


Pregnancy: Teratogenic Effects: Pregnancy Category C: Like other cor 
ticoids, parenteral (subcutaneous) beclomethasone dipropionate has 
been shown to be teratogenic and embryocidal in the mouse and rabbit 
when given in doses approximately ten times the human dose. In these 
studies, beclomethasone was found to produce fetal resorption, cleft 
palate, agnathia, microstomia, absence of tongue, delayed ossification, 
and agenesis of the thymus. No teratogenic or embryocidal effects have 
been seen in the rat when beclomethasone dipropionate was adminis 
tered by inhalation at ten times the human dose or orally at 1.000 times 
the human dose. There are no adequate and well-controlled studies in 
pregnant women. Beclomethasone dipropionate should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
fetus 


Nonteratogenic Effects: Hypoadrenalism may occur in infants born 
of mothers receiving corticosteroids during pregnancy. Such infants 
should be carefully observed 


Nursing Mothers: It is not known whether beclomethasone dipropionate 
is excreted in human milk. Because other corticosteroids are excreted 

in human milk, caution should be exercised when BECONASE Nasal 
Inhaler is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below 6 years of age 
have not been established 


ADVERSE REACTIONS: Side effects reported are primarily asso- 
ciated with the nasal mucous membranes. They include sensations of 
irritation and burning in the nose (11 per 100 patients) and occasional 
sneezing attacks (10 per 100 adult patients), which immediately follow 
the use of the intranasal inhaler. Localized infections of the nose and 
pharynx with Candida albicans have occurred rarely. Transient episodes 
of epistaxis have been reported in 2 per 100 patients, and ulceration of 
the nasal mucosa has been reported rarely. Extremely rare instances 
of nasal septum perforation and increased intraocular pressure have 
been reported following the intranasal application of aerosolized corti- 
costeroids. Rare cases of immediate and delayed hypersensitivity 
reactions, including urticaria, angioedema, rash, and bronchospasm, 
have been reported following the oral and intranasal inhalation of 
beclomethasone. If recommended doses are exceeded or if individuals 
are particularly sensitive, symptoms of hypercorticism, ie, Cushing's 
syndrome, could occur 


OVERDOSAGE: Information concerning possible overdosage and its 
treatment appears in the full prescribing information 


Allen & Hanburys å RB1-601 


PC E October 1988 
Research Triangle Park, NC 27709 





NORTHERN CALIFORNIA 


The Permanente Medical Group, a growing multispe- 
cialty group, is recruiting physicians in a variety of 
specialties for positions throughout our beautiful 
Northern California region: the San Francisco Bay 
Area, Sacramento, and the Central Valley. 


OTOLARYNGOLOGIST 


A position is currently available for a full time staff 
otolaryngologist in our South San Francisco facility. 
Includes office and operating room responsibilites. 


Members of our large, multispecialty group earn a 
highly competitive salary and excellent benefits in- 
cluding mortgage assistance, scheduled time off, mal- 
practice insurance, and medical, dental and life insur- 
ance, and a substantial retirement program. 


To inquire about this and other openings with our 
successful, growing medical group, send CV to: 
Richmond Prescott, M.D., Physician Recruitment Serv- 
ices, Dept. ENT-4987, The Permanente Medical Group, 
Inc., 1814 Franklin, 4th Floor, Oakland, California 
94612. (415) 987-4949. We are an equal opportunity 
employer. 
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KAISER PERMANENTE 


Good People. Good Medicine. 





RELIABLE 
PRECISION 


The NEW Montgomery* NS1000 Nerve Stimulator System combines 
reliability and precision in an easy-to-use motor nerve mapping instrument 

The NS1000 System is an accurate, AC-powered, unipolar type faradic 
stimulator which features a large, easy-to-read voltage meter and visual output 
light indicator to keep the surgeon informed of output status. 

Ease of manipulation is unsurpassed, thanks to the creation of a streamlined 
probe handle and electrode. 

The NS1000 System — all the features you want in a nerve stimulator — 
without the high price of unnecessary belle and whistles” 


Please call our toll-free number for more information. 





NEW COLOR CATALOG and 
COLOR PROCEDURAL VIDEO 
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ston Boston Medical Products, Inc. 
Medica 87 Rumford Ave., Waltham, MA 02154 
(617) 894-8844 (in Mass] 
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APPLICATIONS OF THE VOICE PROSTHESIS 
DURING LARYNGECTOMY 


MARK I. SINGER, MD 
ERIC D. BLOM, PHD 


RONALD C. HAMAKER, MD 
GLEN Y. YOSHIDA, MD 


INDIANAPOLIS, INDIANA 


With the recent introduction of the voice prostaesis for alaryngeal speech rehabilitation, its application in the early postlaryngectomy 


period is gaining acceptance. One hundred twenty-eight patients received a tracheoesorh 


ageal puncture and adjunctive pharyngeal con- 


strictor relaxation during laryngectomy, The voice prosthesis was applied as early as 10 days after surgery, and the results of a 9-year ex- 
perience are presented. Eighty percent of the populetion achieved a durable voice, and the complications were infrequent. The results sup- 
port the primary use of tracheoesophageal phonation as a relatively safe and reliable alternative to total laryngectomy alone. 


KEY WORDS — laryngectomy, pharyngeal constrictor myotomy, pharyngeal plexus neurectomy, tracheoesophageal puncture, 


voice prosthesis, voice restoration. 


Voice restoration after total laryngectomy is an 
operative challenge paralleling the development 
and refinement of the treatment for larvngeal car- 
cinoma. A large number of procedures have been 
proposed over the last 50 years to enhance the rapid 
development of alaryngeal speech. All of the proce- 
dures divert expired air into the pharynx or esopha- 
gus, with variations in the shunt lining and connec- 
tion to the trachea.’ Pharyngoesophageal insuffla- 
tion produces mucosal vibration and sound in the 
residual vocal tract. The articulatory strictures for 
voice refine the sound into understandable and 
natural speech. The shunt procedures are relatively 
simple to perform and allow for rapid speech reha- 
bilitation. The voice prosthesis introduced by the 
authors effectively prevents pharyngoesophageal 
contents from soiling the airway with long-term 
shunt use.? 


A recent workshop dedicated to speecn rehabili- 
tation following laryngectomy was held at The 
Johns Hopkins Hospital, where Johns and Myers? 
stated: "Surgical approaches for voice -estoration 
have undergone an enormous evolution over the 
past 10 years: from the point where esophageal 
speech was the standard and a variety of recon- 
structive surgical procedures were available (none 
of which was terribly effective) to the present where 
the tracheoesophageal puncture (TEP), is consid- 
ered to be state-of-the-art.” 


Ward et al‘ stated: “Tracheoesophageal voice fis- 
tula techniques have withstood the test of time for 
some 9 years; however, they are not without com- 
plications. Successful speech rehabilitation in the 
laryngectomy patient with TEF is reported by some 
authors to be 80%-90%.” 


There has been some concern by laryngologists 
that a tracheoesophageal puncture (TEP: or “pros- 
From Head and Neck Surgery Associates, Indianapolis. 


thetic” speech restoration for the laryngectomized 
may deter the development of improved conserva- 
tion laryngectomy procedures. This has not oc- 
curred, but TEP has provided an alternative to par- 
tial laryngectomy and its limitations. Recently, 
“near-total laryngectomy” procedures have been in- 
troduced, but they should not be considered exten- 
sions of the conservation techniques, and results re- 
porting must be directed to cancer treatment and 
airway protection." 


The initial introduction of TEP procedures was 
intended to present an effective and relatively safe 
voice restoration technique after laryngectomy and 
alaryngeal speech failure. At that time, in 1978, the 
"neoglottic" techniques for laryngectomy with im- 
médiate voice restoration were popularized by Staf- 
fierri.5 Unsatisfactory experience with the neoglot- 
tis had accumulated by this time, and it was appar- 
ent that the application of the voice prosthesis to an 
immediate TEP during laryngectomy might pro- 
vide a reliable alternative approach. The following 
report presents the results of a series of primary 
voice restorations started in 1979. The observations 
and results were analogous to the experience with: 
secondary voice restoration."? The operative tech- 
nique has changed as experience was gained with 
tracheoesophageal phonation and the problems it 
introduced. The techniques represent little altera- 
tion of the conventional total laryngectomy and no 
anticipated change in the results of treatment. 


MATERIALS AND METHODS 


The series represents 128 patients treated by total 
laryngectomv and TEP placed primarily. The ratio 
of men to women is 97:31. The age range is 37 to 80 
years. Adjunctive treatment included radiation 
therapy in 96 cases, 56 preoperative and 40 postop- 
erative. Table 1 describes the case distribution by 


Presented at the meeting of the American Laryngological Association, San Francisce, April 1-£, 1988. 
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TABLE 1. STAGE AND SITE OF LESION 


Stage 
II Il IV Recurrent Total 
Site 
Glottic 6 13 19 18 56 
Supraglottic 6 7 14 l 28 
Subglottic l l 
Pharyngeal 3 1 1 5 
Pyriform sinus 4 10 14 3 31 
Oral cavity 1 1 2 4 
Thyroid l l 
Cricoid l l 
Chronic aspiration l 
Total 20 33 50 24 128 


No stage I tumors were treated. 


stage and location. One case of aspiration control 
after supraglottic laryngectomy was included. 
Another case of chondrosarcoma of the cricoid car- 
tilage and one of invasive papillary carcinoma of 
the thyroid were included also. 


The operative technique includes four procedures 
planned to reduce complications and to promote ef- 
fective long-term use of the voice prosthesis. The 
first step requires construction of a durable trache- 
ostoma with reduced tendency for stenosis and pa- 
tency without a tracheal cannula. The tracheal ring 
is fixed to the inferior skin margin after defatting 
the tissues. A monofilament suture is placed around 
the tracheal ring and is secured by a vertical mat- 
tress technique. The posterolateral ring is incised bi- 
laterally for a vertical distance of 1 cm (Fig 1). A 
triangular wedge of skin from the superior flap is in- 
terposed into the resulting defect to expand the area 
of the stoma as a "bivalving" technique. The mem- 
branous tracheal wall is closed with the overlying 
skin of the superior flap to produce a flat posterior 
stoma. 


The TEP is placed by insertion of a right-angled 
hemostatic clamp through the unrepaired pharyn- 
gostoma until it distends the membranous wall from 
posterior to anterior. A No. 15 knife blade is used to 
transect the membranous trachea transversely for 3 
to 4 mm in order to permit the tips of the hemostat 
to protrude into the tracheostoma (Fig 2). Care 
must be taken to prevent separation of the tracheo- 
esophageal party wall. If this occurs, the hazard of 
salivary contamination increases, with subsequent 
development of infection and necrosis of the mem- 
branous trachea. The separation is repaired easily 
with two sutures placed bilaterally superior and in- 
ferior to the puncture from the membranous tra- 
chea to the anterior esophageal wall. 


Observations of failed tracheoesophageal speak- 
ers led to the application of muscle-relaxing proce- 
dures to the pharyngoesophagus to avoid “spasm” 
and resultant dysfluency.? This involves either a 
pharyngeal constrictor myotomy or a pharyngeal 
plexus neurectomy. The myotomy technique con- 





Fig 1. Construction of tracheostoma by skin flap interposi- 
tion into bivalved trachea. 


sists of a posterior midline incision through the 
fibers of the middle pharyngeal constrictor muscle, 
the inferior pharyngeal constrictor muscle, and the 
cricopharyngeus muscle. A midline posterior ap- 
proach is minimally traumatic and preserves the 
vascularity of the underlying mucosal segment 
while avoiding the possibility of re-formation of the 
upper esophageal sphincter. The myotomized con- 
strictor muscles are available as a third-layer clo- 
sure of the pharynx to support the anterior wall. 


The more recently proposed pharyngeal plexus 
neurectomy offers a number of advantages over the 
myotomy. It reduces the trauma to the pharyngeal 
wall and the rise in sphincter tone of the upper 
esophageal segment during esophageal insuffla- 
tion.'? The elasticity of the constrictor muscles of 
the pharynx, as well as the vasculature, is preserved. 
These differences from myotomy were expected to 
decrease postoperative complications while preserv- 
ing the quality of voice. 


The pharyngeal plexus is identified on the ipsilat- 
eral laryngopharynx while the larynx is still in- 
tact.'' The fibers are stretched and divided and the 
edges are electrocoagulated (Fig 3). This effectively 
denervates the inferior pharyngeal constrictor mus- 
cle and partially denervates the cricopharyngeus 
muscle. 





Fig 2. Technique of primary tracheoesophageal puncture. 
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Fig 3. Surgical anatomy of pharyngeal plexus during neu- 
rectomy. 


The laryngectomy is facilitated by a midline 
esophagotomy at the level of the cricoid. Scissors 
dissection is preferred, with one blade introduced to 
the lumen and the other held externally; the 
pharyngeal mucosa of the noninvolved side and the 
constrictor muscles are incised as a unit, in contrast 
to the well-known method of separating the con- 
strictors at the oblique line of the larynx (Fig 4). 
The dissection is brought superiorly through the 
pyriform sinus, across the vallecula, and inferiorly 
through the opposite pyriform sinus. This approach 
spares the vascularity of the residual constrictor 
muscles for later pharyngeal closure. 


The mucosal closure with use of a Connell suture 
technique to achieve a "Y" suture line provides min- 
imal tension. The suture line is supported with a 
second, Lembert suture technique, which is fol- 
lowed with the buttress layer of the incised pharyn- 
geal constrictors. When the residual pharyngeal 
remnant is less than 3 cm in transverse dimension, 
tissue augmentation with the pectoralis major myo- 
cutaneous flap is included. Twenty-nine of the 128 
patients underwent flap interpositions, and one was 
reconstructed by free flap jejunal interposition. 


When a patient resumes swallowing food, the 
voice prosthesis is placed in the TEP after removal 
of the feeding catheter-stent. The distance across 
the tracheoesophageal wall is measured and the ap- 
propriate length prosthesis is inserted. Voicing be- 
gins at the point of prosthesis insertion, and a train- 
ing program for stomal hygiene and prosthesis care 
is started. 


RESULTS 


The effectiveness of the laryngectomy initially is 
gauged by its ability to control the cancer. The data 
collected over 9 years are displayed in two groups of 
4-year periods. Long-term survivals are presented 





Fig 4. Laryngopharyngeal resection sparing pharyngeal 
constrictor muscles. 


with shorter experience in the more current group. 
The disease-free incidences of the overall groups are 
as expected for stage III and IV populations; and 
the differences of 56% and 71% (Table 2) are more 
apparent than real, since the follow-up is shorter in 
the, second group. The recurrence rates are within 
the expected range for this patient population, and 
the stoma recurrence of 3% to 4% is reasonable. 


Voice failures are defined as failure to use the 
voice prosthesis for regular day-to-day communica- 
tion. The first group of 48 patients had a failure rate 
of 29%; of these, eight patients were salvaged sec- 
ondarily, for a long-term failure of 13%. The more 
current group failed 15% of the time, with five sal- 
vaged. for a persistent failure of 9%. This repre- 
sents an improving trend for voice rehabilitation in 
the populations over the last 9 years that includes 
the development of better voice prostheses, more ef- 
fective patient training, and refinement of the oper- 
ative techniques. Speaking after primary voice res- 
toration ranges from 10 to 35 days postoperatively, 
with an average of 22 days. Concomitantly, deglu- 
tition resumed 4 to 25 days postoperatively, with an 
average of 10 days. 


Included in the voice failure group is a subpopu- 
lation of tracheoesophageal speech failures related 
to high pharvngeal resistance during insufflation 
for phonation.? Adding the pharyngeal constrictor 
myotomy or pharyngeal plexus neurectomy to the 
primary operative procedure, we experienced fail- 
ure in 1l of 65 (17%) myotomized patients and 
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TABLE 2. LONG-TERM SURVIVAL AT 4 YEARS 





1979-1983 1984-1988 
No. % No. % 
NED 27 56 57 71 
DOD 20 42 16 20 
Alive with disease 1 2 5 6 
Died, second primary 0 0 2 3 
Total 48 80 
Recurrence 
Local 4 8 5 6 
Stomal 9 4 2 9 
Regional o 10 12 15 
Distant 10. -21 13 16 


NED — no evidence of disease, DOD — dead of disease. 


eight of 21 (38%) neurectomized patients. Further, 
when both procedures were applied to achieve an 
enhanced result, five of 17 (29%) failed. This 
brought the overall failure rate secondary to re- 
sistance problems to 26 of 128, or 20% of the group. 


The development of postoperative pharyngocu- 
taneous fistulas delays recovery, eliminates oral in- 
take, alters the effective scheduling of radiother- 
apy, prevents voice acquisition, promotes stricture 
formation, and may lead to carotid artery hemor- 
rhage. In this series 20 patients (22% ) who received 
no radiotherapy fistulized, and ten (26%) fistulized 
after radiotherapy exposure. Postoperative fistula 
formation occurred with total laryngectomy alone 
in 13% of the cases over the 9-year study period in 
both groups. Patients reconstructed with pectoralis 
major flaps had a fistula incidence of 20% in the 
earlier group, increasing to 75% in the later group. 


There were four (5%) significant pharyngeal 
strictures in the later group that required secondary 
reconstruction; one previously irradiated patient 
developed progressive pharyngocutaneous necrosis 
that eventuated in a carotid blowout. In the earlier 
group, two patients developed esophageal prolapse 
through the TEP, with mechanical interference 
with prosthesis use. 


Table 3 presents a group of puncture or prosthesis 
problems that include closure, extrusion, or inflam- 
mation. The incidence is relatively low, with im- 
provement over time of maintenance of a patent 
TEP and a reduced incidence of tracheostomal ste- 
nosis. Dilatation and leakage of the TEP is present 
in 4% to 5% of cases and may require muscle flap 
reconstruction of the tracheoesophageal common 
wall." 


DISCUSSION 


Primary restoration of voice after laryngectomy is 
an approach to laryngectomy rehabilitation that is 
parallel to the evolution of our experience with TEP 
and silicone voice prostheses. The methods and re- 
sults have been presented above and span a 9-year 
period of clinical observations. The impetus for ap- 
plying the voice prosthesis and puncture in the pri- 


TABLE 3. TRACHEOESOPHAGEAL PUNCTURE 


COMPLICATIONS 
1979-1983 1984-1988 

Stoma stenosis 4 l 
TEP closure 13 4 

Prosthesis extruded 5 2 

Poor hygiene 3 l 

Doesn't use 2 l 

Radiation therapy 3 0 
Granulations 4 5 
Prolapse 2 0 
Leaking TEP l 4 
Aspiration of prosthesis ] 2 


TEP — tracheoesophageal puncture. 


mary procedure is twofold. The findings from sec- 
ondary experience demonstrated the reliability of 
the prosthesis and the durability of use in the TEP. 
The high quality of speech and high acquisition rate 
after laryngectomy presented a cogent argument for 
its application to the laryngectomy procedure itself. 
Finally, there have been a variety of procedures 
suggested by laryngologists over the last 100 years 
and summarized recently by Cantrell.? He stated 
that the fact that "none of these procedures became 
widely used indicated that problems existed with 
each. They were too complicated; they resulted in 
immediate complications such as unwanted fistulas 
and aspiration." It seemed reasonable to try to im- 
prove the status of shunt methods of voice restora- 
tion by the primary application. 


The results of disease control discussed above are 
satisfactory in comparison to those of conventional 
laryngectomy series. There is no alteration of the 
basic laryngectomy operation or temptation to 
"shave resection margins dangerously close" or to 
practice “oncologic brinksmanship.”'* The addi- 
tions to the total laryngectomy include a useful 
method for tracheostoma construction, improved 
TEP placement, and better pharyngeal wall relaxa- 
tion. These simply are added to the operation with 
little additional time or experience. 


The high rate of voice acquisition and quality is 
documented by the accumulating body of data 17" 
Although prosthetic speech is an alternative to tra- 
ditional esophageal speech methods, it exceeds this 
approach in intelligibility and acoustic characteris- 
tics.'*'? Our experience suggests imperfect results 
when failures are considered in analysis of the re- 
sults of the pharyngeal relaxation procedures, my- 
otomy, or neurectomy. The failure rate has contin- 
ued to drop with improved understanding of the 
surgical anatomy of the region and refinement of 
the operative techniques. Also, the secondary sal- 
vage of primary speech failures yields an improving 
success rate. 

The morbidity and TEP complications are low in 


this series, whereas others feel that they are higher 
in frequency than this report mentions, and are a 
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reason to defer the voice restoration procedure until 
healing is complete.*'? On the contrary, we feel 
that the treatment of laryngeal cancer currently de- 
mands immediate or primary reconstruction for 
voice production. The complications are few and 
are manageable. The delay in rehabilitation if the 
speech restoration is deferred is 3 to 6 months, and 
may lead to dependence, isolation, and depression. 
This no longer need be the case in the contemporary 
treatment of laryngeal cancer. 


Primary voice restoration represents a compro- 
mise to the necessity for safe deglutition and an air- 
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way permanently separated from the digestive 
tract. As the voice prosthesis is a link from the 
trachea to the esophagus, the concept of TEP and 
prosthesis is a bridge to improved procedures in the 
future. The conservation laryngectomy procedures 
hold promise, but the near-total laryngectomy com- 
mits the patient to a permanent tracheostoma, 
which is a questionable advance. A significant im- 
provement in the evolution of the laryngectomy 
procedure is the reconstruction of the upper airway. 
Adherence to accepted oncologic procedures and 
improved understanding of alaryngeal voice pro- 
duction may point the way. 
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SLIDING FLAP TRACHEOPLASTY 


GEORGE A. GATES, MD 


ST Louis, MISSOURI 


JOHN A. TUCKER, MD 


PHILADELPHIA, PENNSYLVANIA 


The optimal method for surgical management of subglottic stenosis is based upon careful assessment of the location, caliber, length, 
and maturity of the stenotic segment, as well as associated conditions. For patients with a mature stenosis of short length, excision of the 
anterior arch of the cricoid and first ring and immediate reconstruction by means of a sliding flap of the next two to three rings of trachea 
offer a one-stage definitive treatment without the need for grafting. We report four cases of subglottic stenosis and one case of cricoid 
chondroblastoma in which reconstruction of the airway was successful and prompt. For carefully selected cases, sliding flap tracheoplasty 
may be a useful alternative to procedures in which the airway is expanded by means of grafting. 


KEY WORDS — immediate reconstruction, subglottic stenosis, surgical excision. 


INTRODUCTION 


The most common lesion of the cricoid cartilage 
is subglottic stenosis, which may be congenital or 
acquired; neoplasm is rare. Subglottic stenosis re- 
quires treatment in proportion to the degree of air- 
way narrowing and subsequent dyspnea. Key deter- 
minants in selecting therapy are the location, cali- 
ber, and length of the stenotic segment. Although 
mild degrees of airway narrowing may be tolerated, 
the work of breathing associated with even moder- 
ate stenosis usually necessitates intervention. In 
severe cases the threat to life mandates an emergent 
airway bypass procedure, most often tracheostomy. 


Operative treatment of subglottic stenosis may 
require both endoscopic and external procedures. 
Endoscopic surgery includes dilation, injection of 
corticosteroid, removal of granulation tissue by for- 
ceps or laser, and a variety of laser techniques for 
removal of scar. External procedures are of two 
general types: airway expansion, and excision of the 
stenotic segment. Airway expansion has been the 
technique of choice in the subglottic region because 
of the unique anatomy of the posterior cricoid plate 
and the close relationship of the recurrent laryngeal 
nerves. However, we have applied the concept of 
subtotal excision, plus flap reconstruction, to care- 
fully selected subglottic lesions and have found it to 
be a useful technique. 


The purpose of this paper is to describe this ap- 
proach and discuss our perspective regarding its role 
in the management of subglottic stenosis and other 
lesions of the cricoid cartilage. 


METHODS 


Case Selection. To be eligible for this procedure, 
the patient with stenosis must have a mature, unin- 
fected subglottic cicatrix of short length (cricoid- 
first ring only) with a posterior lumen, an unin- 


volved segment between the vocal fold and the up- 
per margin of the stenosis, and mobile vocal folds. 
Direct laryngoscopy must be performed to confirm 
these conditions. Patients with neoplasm confined 
to the anterior cricoid arch are also candidates for 
this procedure. The pertinent clinical details of the 
patients reported in this study are summarized in 
Table 1. 


Surgical Technique. The neck is entered through 
a horizontal incision at the level of the cricoid carti- 
lage, and the trachea and larynx are exposed in the 
midline. The thyroid isthmus is divided (if not al- 
ready done), and the soft tissues are reflected lat- 
erally off the cricoid cartilage and upper tracheal 
rings. The cricothyroid membrane is divided hori- 
zontally to expose the upper margin of the stenosis 
and to confirm the absence of scar in the undersur- 
face of the vocal folds. The inferior margin of the 
stenosis is determined by incremental sectioning of 
the trachea until a lumen of adequate size is 
reached. Then vertical incisions are made in the 
lateral wall of the trachea at the junction of the an- 
terior two thirds and posterior third (Fig 1). The 
stenotic segment then is removed, and the vertical 
incisions are carried inferiorly for two to three rings 
to create an anterior tracheal flap. This is mobilized 
and slid upward to close the defect. Flexion of the 
neck helps, but a tension-free closure depends 
primarily on the adequate length of the flap and 
local mobility. 


TABLE 1. DESCRIPTION OF PATIENTS 


Year of 
Patient Age Sex Operation Disorder 
l 60yr M 1972 Chondroblastoma of cricoid 
2 4mo F 1986 Congenital subglottic ste- 
nosis 
3 44yr F 1986 Acquired subglottic stenosis 
4 38 yr F 1987 Acquired subglottic stenosis 
5 l4yr F 1988 Acquired subglottic stenosis 
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Fig 1. Usual location and extent of subglottic 
stenosis amenable to correction by sliding 
flap tracheoplasty. Note location of incisions 
outlined by dashed line. Care must be taken 
to preserve as much mucosa as possible, as 
depicted in small inset. 


An Aboulker Teflon stent of the appropriate size 
is cut to length and placed such that the upper mar- 
gin is just below the vocal folds and the lower mar- 
gin is well below the stenotic segment but above the 
tracheostomy site. The stent is secured with a 2-0 
nonabsorbable suture passed through strap muscles, 
trachea, and stent on each side and tied at the end 
of the procedure in the midline in the subcutaneous 
layer. 


The flap is secured with five to seven interrupted 
absorbable sutures (3-0 Vicryl) placed between the 
upper margin of the flap and the lower border of 
the thyroid cartilage (Fig 2). Additional sutures 
may be used laterally to close the vertical incisions 











on each side, but generally only one stitch can be 
placed easily. Care is taken to place the sutures ex- 
tralurinally. A cuffed tracheostomy tube is in- 
serted to protect the incision line from increased air 
pressu-e (from coughing) and from secretions. The 
patien- may resume a normal diet when pain per- 
mits. A nasogastric tube has not been used. 


Postoperatively the patient receives the same an- 
tibiotie agent that was given at the start of the pro- 
cedure until the stent is removed. Intensive care 
unit.level of care and monitoring is recommended. 
If wound healing is progressing satisfactorily, the 
stent is removed endoscopically after the seventh 
postoperative day and the patient is reexamined en- 


Fig 2. After resection of stenotic anterior 
two thirds of cricoid arch, small mucosal 
flaps are reflected laterally, and flap is ad- 
vanced superiorly. Sutures should be ab- 
sorbable and placed extraluminally to 
avoid granuloma formation. Not depicted 
is placement of Teflon stent (Aboulker) to 
stabilize suture line. 


928 Gates d Tucker, Sliding Flap Tracheoplasty 


TABLE 2. PATIENT OUTCOMES 


Time of 
Stent Time of 

Patient Placement Decannulation Other Treatment 
H None 14d Laryngectomy at 5 yr 
2 None 21d None 
3 1l d 14 d Two steroid injections 
4 9d 10 d One steroid injection 
5 9d 14d None 


doscopically 1 week later to assure the absence of in- 
fection and granulation tissue. 


RESULTS 


The procedure has been applied to one infant, 
one teenager, and three adults. Table 2 summarizes 
their subsequent clinical course. 


All patients were extubated promptly. None have 
required repeat tracheostomy, and all have an air- 
way that permits normal activity. Patients 3 and 4 
both received endoscopic injection of triamcinolone 
acetonide into a small horizontal subglottic band to 
reduce what appeared to be a developing hypertro- 
phic scar. Patient 1 underwent total laryngectomy 5 
years later because of recurrence of the cricoid 
chondroblastoma. 


DISCUSSION 


Patients with subglottic stenosis of moderate de- 
gree and above require correction because of the 
risk of sudden death associated with prolonged 
tracheostomy.'? The surgical management of sub- 
glottic stenosis poses unique challenges. In other 
anatomic sites a stenotic lesion is excised and either 
grafted or repaired primarily. Total excision of the 
cricoid is not feasible, because the posterior cricoid 
plate is a vital part of the laryngeal skeleton. In ad- 
dition, its proximity to the vocal folds and recurrent 
laryngeal nerves endangers their function.? Allo- 
grafts in the airway have not proven successful be- 
cause of the problems of infection and tissue toler- 
ance. Therefore, most surgical approaches to sub- 
glottic stenosis are based on the principle of expan- 
sion of the airway lumen by excision of intraluminal 
scar,* insertion of a homograft,? or both.‘ 


Scar excision generally results in additional mu- 
cosal loss, and the resultant airway size depends 
upon the physiologic relining race between mucosal 
regeneration on the one hand and redeposition of 
scar on the other. Scar formation will dominate un- 
less specific steps are taken to impede it, ie, injec- 


tion of corticosteroid, stenting, or mucosal grafting 
(the latter has been uniformly unsuccessful). All of 
these steps require additional time and procedures. 


Expansion of the airway through the interposi- 
tion of a costal cartilage graft into a midline split of 
the cricoid cartilage and upper trachea has become 
the most widely used technique for lumen expan- 
sion.* In expert hands the decannulation rate is 
high. However, in our experience, the airway is sel- 
dom optimal (although most are quite adequate) 
because of persistent intraluminal scarring. In addi- 
tion, technical failures from prolapse of the graft in- 
to the airway occur if extreme care is not taken to 
assure precise interposition. 


For these reasons we sought a simpler technique 
that would minimize the amount of mucosal regen- 
eration needed and avoid the need for a graft. The 
sliding flap technique relines the anterior two thirds 
of the subglottic space with normal tracheal epithe- 
lium supported by healthy cartilage. Only a small 
lateral remnant of excised scar is left to heal by mu- 
cosal regeneration. The Teflon stent provides a but- 
tress for both the suture line and for the relining 
process. 


The subglottic airway appeared perfectly normal 
in the two children (patients 2 and 5); a narrow 
horizontal scar band appeared in patients 3 and 4 at 
the upper suture line. Because both of these patients 
had developed stenosis secondary to hypertrophic 
scar formation after intubation, each received one 
or two injections of triamcinolone acetonide intrale- 
sionally for prophylaxis against additional hyper- 
trophy; the scar bands subsequently thinned and 
did not re-form. 


Indications and Limitations. This technique is 
clearly only applicable for circumscribed lesions of 
short length. The subglottic face of the vocal fold 
must be uninvolved, and the vertical length of the 
lesion must not extend below the first tracheal ring. 
Longer lesions would reduce the length of trachea 
available for relining and would require a longer 
flap to achieve closure. Given the limited blood sup- 
ply of the trachea, we would be uncomfortable 
with a flap of longer than three rings. 


The effect of the procedure on tracheal growth 
has not been studied. Given that the growth centers 
are based anterolaterally, ^ one would not expect 
difficulty. The infant in this series is now 3 years old 
and to date appears to be growing normally. 
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CARBON DIOXIDE LASER POSTERIOR CORDECTOMY FOR 
TREATMENT OF BILATERAL VOCAL CORD PARALYSIS 


DONALD P. DENNIS, MD 


ATLANTA, GEORGIA 


HASKINS KASHIMA, MD 


BALTIMORE, MARYLAND 


Upper airway obstruction due to bilateral vocal cord paralysis was successfully relieved by carbon dioxide laser posterior cordectomy. 
All patients achieved satisfactory airway and decannulation. Flow-volume loop spirograms obtained preoperatively and postoperatively 
documented improved flow rates on inspiration and expiration. Final voice quality was subjectively good in all patients. Follow-up has 
ranged from 1 year 10 months to 5 years 8 months, and initial improvement has been sustained in all cases. Carbon dioxide laser posterior 
partial cordectomy is an alternative management option for relief of upper airway obstruction due to bilateral vocal cord paralysis. The 
procedure can be performed without prophylactic tracheotomy. Subjectively good voice quality is preserved. 


KEY WORDS — cordectomy, laser, vocal cord paralysis. 


INTRODUCTION 


The objectives in treatment of bilateral vocal 
cord abductor paralysis are to achieve 1) a safe and 
adequate airway, 2) preservation of voice quality, 
and 3) laryngeal competence. Historically, many 
different procedures have been proposed to improve 
the airway in bilateral vocal cord paralysis, includ- 
ing tracheotomy, cordectomy,' endoscopic’ and ex- 
ternal arytenoidectomy operations, vocal cord lat- 
eralization,™* and vocal cord reinnervation proce- 
dures.^ Presently, arytenoidectomy according to the 
technique of Woodman,? and carbon dioxide laser 
endoscopy’ are probably most commonly practiced. 


Tracheotomy was, and continues to be, a highly 
effective management of bilateral vocal cord paral- 
ysis. In 1922, Chevalier Jackson' proposed excision 
of the entire vocal cord and ventricle, but this pro- 
duced a breathy voice. In 1932, Hoover? introduced 
submucous resection of the vocal cord, but scarring 
narrowed the glottis. In 1939, King? described an 
external approach of mobilization of the arytenoid 
cartilage and suture to the omohyoid muscle to acti- 
vate the cord on inspiration. This operation was 
modified in 1941 by Kelly,* who removed the ary- 
tenoid through a window in the thyroid ala and 
lateralized the cord by suture. Woodman? in 1946 
described arytenoidectomy using a posterolateral 
extralaryngeal approach and suturing the vocal 
process to the inferior cornu of the thyroid carti- 
lage. This technique gained wide acceptance and 
remains the procedure of choice among many laryn- 
gologists. Endoscopic arytenoidectomy by electro- 
cautery was introduced by Thornell? in 1948. 
Tucker reported successful reinnervation of the 
posterior cricoarytenoid muscle utilizing an ansa 
hypoglossi nerve-muscle pedicle. This conceptually 
attractive operation may be useful in the freshly 
paralyzed larynx, but the long-term results have not 


met its original expectations. Since 1983, Ossoff et 
al^? and others'?" have described endoscopic CO2 
laser arytenoidectomy procedures. The long-term 
efficacy of this technique is awaited. Flow-volume 
loops have been studied to document the effects of 
surgical intervention after bilateral vocal cord pa- 
ralysis.'? 


The foregoing procedures require tracheotomy, 
and airway obstruction is relieved at the expense of 
voice quality, which is breathy. 


The CO2 laser endoscopic posterior partial cor- 
dectomy (PPC) operation described in this report 
has produced reliable improvement in the laryngeal 
airway, with a more satisfactory voice. 


MATERIALS AND METHODS 


Patients. Six women, 27 to 72 years of age, all 
with a history of thyroidectomy and bilateral vocal 
cord paralysis of 18 months’ to 35 years’ duration, 
underwent CO2 laser PPC and have been followed 
up from 1 year 10 months to 5 years 8 months (Ta- 
ble 1). All reported dyspnea on exertion, and all but 
one was dyspneic at rest. Three had subjectively 
"normal" voice, and three had weak but not hoarse 
voices. None reported subjective dysphagia (Table 
2). 


TABLE 1. PATIENT SUMMARY 


Duration Time to 
Patient Age of BVCP Tracheotomy Decannulation 
] 27 3 yr Yes* 18 mo 
2 36 18 mo No 
3 40 25 yr No 
4 53 29 yr No 
5 56 13 yr No 
6 72 35 yr Yes 6 mo 


BVCP — bilateral vocal cord paralysis. 
*Presented with tracheotomy. 
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TABLE 2. SYMPTOMS OF BILATERAL 
VOCAL CORD PARALYSIS 


Cough While 

Dyspnea Eating or 

Dyspnea on Swallowing History of 
Pt at Rest Exertion Impairment Pneumonia Voice 
l Yes Yes No No Normal 
2 Yes Yes No No Weak 
3 No Yes No No Normal 
4 Yes Yes No No Normal 
5 Yes Yes No No Weak 
6 Yes Yes No No Weak 


eee 


The operation is performed by suspension micro- 
laryngoscopy under general anesthesia. The Dennis- 
modified (anterior Holinger-type, 10° angle) CO2 
laser Dedo laryngoscope was used to expose the pos- 
terior commissure (Fig 1). The Zeiss microscope us- 
ing a 400-mm objective lens coupled to the CO2 la- 
ser was used in all cases. The laser setting was 10 W 
with a 0.1-second repeat mode. Moistened neuro- 
surgical pledgets were placed in the subglottic space 
to protect the trachea and endotracheal tube. 


Surgical Procedure. A 3.5- to 4-mm C-shaped 
wedge of posterior vocal cord is excised from the 
free border of the membranous cord, extending 4 
mm laterally. The excision begins anterior to the 
vocal process without exposing cartilage (Fig 2). 
This excision creates a 6- to 7-mm transverse open- 
ing at the posterior larynx (Fig 3A). The lased area 
is cleansed with moistened pledgets to remove char. 


If the posterior airway opening is not adequate 
after 6 to 8 weeks, the excision is repeated or a 
smaller cordectomy is performed on the opposite 
side. This may produce a more breathy voice (Fig 
3B). 


Preoperative and Postoperative Care. All patients 
received 10 mg dexamethasone sodium phosphate 
(Decadron) and 1 g of cefazolin sodium preopera- 
tively. Decadron was continued at 4 mg IV every 6 
hours for 48 hours. Oral antibiotics were continued 
for 10 days. An aerosolized mist of 0.3 mL of 
racemic epinephrine in 3 mL of saline was given 
preoperatively and for 1 to 3 days postoperatively. 
The patients were observed overnight in an inten- 
sive care unit and were discharged in 2 to 3 days. 
Racemic epinephrine by an aerosolized mist Pulmo- 
naid machine was used in two patients at home, 
and beclomethasone dipropionate (Beclovent oral 
inhaler) was used four times a day for 2 weeks post- 
operatively. A flow-volume loop spirogram was ob- 
tained preoperatively, and the examination was re- 
peated after partial cordectomy. Forced inspiratory 
flow rate maximum was improved in all cases. 


RESULTS 


The clinical appearance of the larynx shows a 
white exudate for approximately 2 weeks, and final 
healing occurs by 4 to 8 weeks. 





Fig 1. Endoscopic view of larynx with bilateral vocal cord 
paralysis. (Note: vocal cords are abducted halfway because 
of p resence of laryngoscope.) 


All patients had improvement of airway so that 
routine daily activities could be resumed without 
short tess of breath. One patient does daily aerobic 
exercises, and all others can climb four to five 
flights of stairs of five steps without dyspnea (Table 
3).*This subjective improvement was documented 
by ccmparing the postoperative flow-volume loop 
with the preoperative study (Table 4). In all six 
cases postoperative flow-volume loops showed im- 
provement over preoperative values in forced in- 
spira-ory flow rate maximum and forced inspirato- 
ry flcw rate at 50% (Table 4). The follow-up period 
was from ] year 10 months to 5 years 8 months. 


Vcice quality continues to improve for 6 months 
to a vear postoperatively. The final voice is subjec- 
tivelv good in that voice of adequate loudness and 
clarity is produced without undue effort. 


Tkere were no reports of swallowing impair- 
ment, cough-choke episodes, or aspiration. 


Ccmplications. The complications consisted of 
anterior web (patient 6) and the need for revision 
operations (patient 1 had three and patient 6 had 
two -evision operations). Revision operations were 
necessitated by persistent vocal cord edema result- 
ing i1 airway obstruction, and in one instance (pa- 
tient 6) cord edema necessitated a temporary tra- 
cheo:omy. 


CASE REPORTS 
Patient 1. A 27-year-old woman presented 11 
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Fig 2. Views of larynx with dotted lines indicating lines of laser excision. A) Standard left posterior partial cordec- 
tomy. B) Standard right posterior partial cordectomy with lesser supplementary cordectomy on left. 


months after failed reinnervation by bilateral ansa 
hypoglossi nerve-muscle pedicles. 


This patient required three cordectomy proce- 
dures: the first operation was on the left vocal cord; 
5 months later the left cord excision was repeated, 
together with a lesser right cord excision. Four 
months later a third left cord excision was done, 
and decannulation was achieved 9 months after the 
third operation. Presently she engages in daily 
aerobic exercises and enjoys subjectively good voice 
quality at 5 years 3 months of follow-up. This pa- 





tient was the first patient in the series and depended 
upon her voice for her job; therefore, smaller cor- 
dectomies were done initially in order to preserve 
voice. The conservative excisions led to two revision 
operations necessary to achieve decannulation. In 
spite of the multiple excisions, her voice preserva- 
tion has been good. 


Case 6. A 72-year-old woman presented 35 years 
after thyroidectomy. Dyspnea was aggravated by 
coronary artery disease, mild congestive heart fail- 
ure, and vocal cord edema due to allergy. She re- 


Fig 3. Diagrams of left posterior 
partial cordectomy. A) Showing 6- 
to 7-mm posterior laryngeal open- 
ing. B) With secondary smaller 
right posterior partial cordectomy 
to further widen posterior laryn- 
geal airway. 
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TABLE 3. POSTOPERATIVE RESULTS 


Follow-up Voice Exercise 
Patient Period Quality Tolerance 
I* 5 yr 3 mo Good Aerobics, 5 flights of stairs 
2 5 yràmo Excellent 5 flights of stairs 
3t ] yr 10 mo Good 5 flights of stairs 
41 2yrlmo Excellent 5 flights of stairs 
5 5 yr 8 mo Good 4 flights of stairs 
ch 2 yr 10 mo Good Moderate walking§ 
*Had two or more laser cordectomies. 
{Had bilateral cordectomies. 
§Patient had significant coronary artery disease. 


quired three laser procedures. The first was a bilat- 
eral PPC plus laser excision of obstructive polypoid 
edema of the anterior vocal cords. Three weeks 
later she developed anterior webbing and required 
a tracheotomy. Five weeks later she developed a 
second anterior synechia and had laryngeal dilation 
with bilateral revision cord excisions. One month 
later she redeveloped synechia and required CO2 
laser lysis of adhesions, dilation, and endoscopic in- 
sertion of the Montgomery stent for 3 months. She 
was subsequently decannulated, and the stent was 
removed in 3 months with excellent results at 2 
years 10 months of follow-up. This case underscores 
the importance of attaining optimum control of the 
inflammatory state and minimizing use of laser in- 
strumentation. 


DISCUSSION 


The CO2 laser PPC evolved from the observation 
that patients having CO2 laser endoscopic excision 
of vocal process granulomas rarely experience voice 
change. It was reasoned that leaving the vocal pro- 
cess intact and creating a crescentic defect anterior 
to the vocal process would produce a 5- to 6-mm 
posterior airway opening and preserve a serviceable 
voice, since the anterior three fourths of the cord 
was preserved in position for good voice produc- 
tion. 


Six patients underwent PPCs for treatment of bi- 
lateral vocal cord paralysis; all enjoyed airway im- 
provement with preservation of subjectively good 
voice quality and no laryngeal incompetence. 


Th= advantages of the procedure are simplicity in 
concept, reliability of outcome, no tracheotomy in 
most cases, low risk of complications, short hospi- 
talizetion, adequate airway, good voice preserva- 
tion, and suitability for revision operation when 
necessary. 


Potential complications include granuloma and 
scar formation, postoperative edema necessitating 
trach2otomy, breathy voice quality, infection, ary- 
tenoid perichondritis (due to exposure of cartilage), 
and tne known hazards that accompany CO2 laser 
use. 


Any systemic or local disorder that predisposes to 
vocal cord edema increases the likelihood for tra- 
cheot»my. Manipulation of the anterior membra- 
nous cord with instruments should be avoided or 
minimized. Active inflammation and persistent 
polypoid change favor synechia and web formia- 
tion. The presence of unresolvable anterior vocal 
cord edema is a relative contraindication to this 
procedure without tracheotomy. 


The PPC is effective in relieving airway obstruc- 
tion. Clinically, when an approximately 4- to 5-mm 
transverse posterior opening remains, sedentary 
daily activity can be performed without dyspnea. 
The cord excision defect remains open, because 
both ends of the lased muscle fibers contract to pre- 
vent closure. Granuloma formation has not been 
observed. The undisturbed anterior three fourths of 
the vccal cords are important for voice quality. 


Indications for the PPC are bilateral vocal cord 
paralysis and airway obstruction severe enough that 
patierts cannot perform their routine daily activi- 
ties. 


Relative contraindications to this procedure are 
persistent vocal cord edema and/or inflammation 
that cannot be resolved. 


CONCLUSION 


This is a retrospective analysis of six patients in 
whom CO? laser PPC achieved upper airway en- 
hancement without tracheotomy and maintained 
subjectively good voice quality. 


TABLE 4. FLOW-VOLUME LOOP SPIRDGRAM RESULTS 


Precordectomy 

FVC  FEFmax FEF50 FIFmax  FIF50 
Patient (L) (Lis) (Lis) (Lis) (Lis) 
1* 4.02 1.20 1.00 0.80 0.70 
2 4,26 4.00 3.48 1,22 0.78 
3f 3.33 5.10 4.92 1.25 0.84 
4t 2.52 1.90 1.22 2.20 1.15 
5 2.90 3.40 1.60 1.40 1.36 
6* 2.55 4.29 3.40 1,02 0.55 


Postcordectomy 


FVC  FEFmax FEFSO FlFmax FIF50 
Intereal (L) (L/s) (L/s) (L/s) (L/s) 


2 yr 3.61 2.09 104 148 0.61 
5 yr 417 813 575 286 199 
lyr3mo 3.28 6.66 5.30 200 1.2 
2 mo 299 3.77 330 204 22 
l mo 2.90 435 2.61 296 12 


Qyr8mo 2.62 623 495 258 2.40 


FVC — forced vital capacity, FEFmax — forced expiratory flow rate maximum, FZF$0 — forced expiratory flow rate at 50%, FIFmax — forced 
inspiratory flow rate maximum, FIFS0 — forced inspiratory flow rate at 50%. 


*Had two or more laser cordectomies. 
{Had bilateral cordectomy. 
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Reconstruction Symposium, to be held August 24-27, 1991, at Stouffer Tower City Plaza Hotel in Cleveland. For further information, con- 
tact The Cleveland Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Avenue, TT31, Cleveland, OH 
44195-5241: 444-5696 (local), (800) 762-8172 (Ohio), (800) 762-8173 (outside Ohio). 
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PROSPECTIVE STUDIES EVALUATING THE STANDARD 
ENDOTRACHEAL TUBE AND A PROTOTYPE ENDOTRACHEAL TUBE 


PERRY M. SANTOS, MD 
ALI AFRASSIABI, MSE ERNEST A. WEYMULLER, JR, MD 


SEATTLE, WASHINGTON 


Two prospective studies were designed to evaluate laryngeal injury sustained with the standard endotracheal tube (ETT) and the 
relative safety of a new prototype ETT. The first study followed patients after prolonged intubation with the standard ETT. Potential pa- 
Hent host factors were recorded and correlated with subjective complaints and objective findings on fiberoptic laryngoscopy. Nearly all pa- 
tients sustained laryngeal injury after prolonged intubation, although over two thirds experienced resolution. Nasogastric feeding tubes and 
larger-diameter ETTs were associated with true vocal cord (TVC) granuloma formation. Duration of intubation was associated with de- 
layed TVC immobility. The mechanisms of TVC granulomas and immobility are probably different, as suggested by the different host fac- 
tor associations and onset times. The second study compared the standard ETT with the prototype ETT in short-term intubations. The 
prototype ETT was associated with no complications in this setting and is considered relatively safe for further testing in the patient with 
prolonged intubation. 


KEY WORDS — endotracheal tube, intubation, laryngeal injury. 
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INTRODUCTION pressures exceeding capillary perfusion initiated 
ischemic injury within hours of intubation. In- 

Oral endotracheal intubation is an accepted al- : 
ternative to tracheostomy for those patients requir- ie diameter of the ETT was related to higher 
lateral pressures and decreased mucosal perfuston 


ing prolonged ventilatory support in many situa- 
tions. This practice is based on the premisethatpro- Within ÄER gr d 


longed oral endotracheal intubation is a relatively weeks without subsequent improvement or deteri- 


SC EE Den b won - oration of the injury. Duration of intubation was 


unrelated to the extent of laryngeal injury when 
= me qe iaceret qp rr ipis ease evaluated by histopathology. It was concluded that 


i “due to undefined host factors, the injury is variable 
stenosis in patients intubated for more than 10 days. : 
Kostanos et cle ahowed d 69%. dncidence oe Hae in degree and not clearly related to the duration of 


vocal cord (TVC) ulceration and granuloma forma- intubation. 

tion in critically ill patients intubated an average of These “undefined host factors” are poorly under- 
6.2 days. Stauffer et al? found a 19% incidence of stood and not identified. They appear to be respon- 
tracheal stenosis after endotracheal intubation. sible for the wide spectrum of laryngeal injury seen 


in similar patient populations after prolonged oral 

Postextubation and postmortem evaluations in ETT intubation. This question of host factors is‘ad- 
larynges that have undergone prolonged intubation dressed in the first part of the present work through 
have shown clearly that the site of greatest and most a prospective stu ds mee. potential eech 
frequent injury is in the posterior glottic structures. ables and correlating them with postextubation sub- 


= age E e ame EEN SCH jective complaints and objective physical findings 
a on direct laryngoscopy. 


well documented as sites of mucosal and cartilagi- 
nous ulceration and/or granuloma formation. 2719 The second part of the present work evaluates a 
modified ETT designed to reduce the lateral pres- 

Posty i seek edie e Nod — sure generated by the ETT against the posterior 
term oral endotracheal intubation with the stan- gl Ee mucoa. The protoiype ra ue 
point pressure against the mucosa by distributing 

dard endotracheal tube (ETT), Weymuller made p over a greater surface area as a function of 


the following observations. Laryngeal injury is re- H | 
lated primarily to decreased mucosal perfusion in pressure = force/surface area. 


the areas of contact between the ETT and the pos- The low pressure concept was implemented by 
terior laryngeal structures. Fluorescein perfusion construction of a foam-filled cuff (Fome-cuf, Bivo- 
studies demonstrated that areas of contact with na) around the ETT at the level of the TVCs. Com- 

From the Department of Otolaryngology-Head Neck Surgery, University of Washington, Seattle. Supported by a grant from Bivona, Inc. 
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TABLE 1. EE SEVERITY SCALE FOR 
ER MA AND ULCERATION 
Erythema 


Q No erythema, normal mucosa 

1 Mild erythema 

2 - Moderate erythema of true vocal cords 
A Severe erythema of true vocal cords only 
4 


Severe erythema of true vocal cords and su- 
praglottic structures 


Ulceration 0 No ulceration, normal mucosa 


Ulceration of mucosa only, <3 mm in diam- 
eter 


2 Ulceration of mucosa only, >3 mm in diam- 
eter 


3 Ulceration of mucosa and arytenoid carti- 
lage, <3 mm in diameter 


4 Ulceration of mucosa and arytenoid carti- 
lage, >3 mm in diameter 


paring the prototype ETT with the standard ETT 
in a canine model showed only the animals with the 
prototype ETT to have normal mucosal fluorescein 
perfusion in vivo and no laryngeal mucosal lesions 
on postmortem examination. Histologically, the 
mucosa had converted to a thickened stratified 
squamous epithelium with moderate chronic in- 
flammation; however, mucosal granulation and ul- 
ceration were absent. The cartilage and cricoary- 
tenoid joint were also normal." 


On the basis of these findings and after clearance 
by the Human Investigational Committee, we ini- 
tiated an acute-phase prospective randomized 
patient-blinded study to evaluate the safety and ef- 
ficacy of the prototype ETT in the setting of a short- 
term intubation, | 


METHODS 


STANDARD ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


The effect of long-term oral intubation injury to 
the larynx with the standard oral ETT was evalu- 
ated in 42 patients at Harborview Medical Center 
over an 8-month period. The criteria for entry into 
the study were 1) that the patients be male and 18 
years or older, 2) that they be without laryngeal or 
cervical spinal injury, and 3) that they had been 
orally intubated for 3 or more days. Át the time of 
intubation patient age, patient diagnoses, and ETT 
size were recorded. 


During intubation the patient was monitored 
daily for peak inspiratory pressure (PIP) and tra- 
cheal cuff pressure readings. Recorded were serum 
albumin levels, changes in Glasgow Coma Score 
(GCS) and Injury Severity Score (ISS), presence of a 
nasogastric feeding tube, number of reintubations, 
reason for the reintubation(s), conversion to.a tra- 
cheostomy if performed, and cause of death if the 
patient died. The larynx was evaluated postmortem 
for injury with family consent. . 


After extubation the patients were evaluated for 
the presence of hoarseness (yes/no) and loss of voice 


power (yes/no). Laryngeal examinations were car- 
ried out at the bedside with a fiberoptic naso- 
pharyngoscope after topical application of 2% vis- 
cous lidocaine. Patients were evaluated for presence 
of TVC erythema, ulceration, granuloma (yes/no, 
unilateral/bilateral), and immobility (yes/no, uni- 
lateral/bilateral). Erythema and ulceration were 
graded on a scale of injury severity from 0 to 4 
(Table 1). 


Consent for patient evaluation was obtained 
from the patient or the guardian, Patient laryngeal 
evaluations were discontinued after two examina- 
tions yielded normal results (defined by absence of 
erythema and ulceration) or if the patient was no 
longer available for follow-up. Forty-two patients 
were evaluated and placed into one of two groups: 
those who lived after extubation (n = 33) and those 
who died either during intubation (n= 7) or after 
extubation (n= 2; at 3 days and at 3 weeks). The 
larynges of deceased patients were evaluated post- 
mortem for erythema, ulceration, and granuloma 
formation. In the live patient group, patient follow- 
up was continued at 7- to 14-day intervals until 
resolution of erythema and ulceration was docu- 
mented. The average follow-up was 6.4 weeks until 
resolution (n= 17). The longest follow-up was 12 
weeks. Those patients lost to complete follow-up 
(ie, resolution of laryngeal erythema and ulcera- 
tion) were seen until 2.4 weeks (n= 16) after extu- 
bation. Results were analyzed by plotting depen- 
dent variables (hoarseness, loss of voice power, ery- 
thema, ulceration, granuloma formation, TVC im- 
mobility) against each other as well as against the 
independent variables (age, ETT size, diagnosis, 
duration of intubation, number of reintubations, 
tracheostomy, PIPs, serum albumin, GCS, ISS). 
Descriptive statistics as well as simple linear re- 
gression and X? comparisons were employed. 


PROTOTYPE ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


The relative safety and efficacy of the prototype 
ETT were evaluated in a controlled patient-blinded 
prospective study in short-term elective intubations 
at Harborview Medical Center over a 3-month peri- 
od. Forty-two patients were randomized into two 
equal groups. One group received the standard 
ETT, and the second group received the prototype 
ETT. Criteria for entry into the study were 1) that 
the patients be healthy, male, and 18 years or older, 
2) that they be without laryngeal or cervical spine 
injuries, 3) that they had no recent prior intuba- 
tions, and 4) that they have a low “anesthetic risk” 
(ASA of 1 or 2). 


Anesthesiologists were asked to evaluate the stan- 
dard or prototype ETT at the time of intubation for 
difficulty with oral intubation, successful passage of 
the suction catheter, volume of air required to in- 
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Fig 1. Percentage of live patient group (n= 18) with 
hoarseness and loss of voice power from time of extubation. 
Patients without resolution of hoarseness and/or loss of 
voice power had true vocal cord granuloma(s) and/or im- 
mobility. 


flate the distal tracheal cuff to obtain a seal, dif- 
ficulty with extubation, and evidence of laryngo- 
spasm. The patient was questioned on the day of 
intubation and the day following intubation for 
complaints of sore throat, cough, aspiration, stri- 
dor, or hoarseness. Results were quantified and 
compared by X? analysis. 


RESULTS 


STANDARD ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


The average age of all 42 patients was 47 vears 
(range, 21 to 85). The average age of the 33 patients 
from the live patient group was 45 years, and of the 
nine patients from the deceased group, 53 years. 
Size of ETTs ranged from No. 7 to No. 8.5. Fifty- 
two percent of all patients received a No. 8 tube, 
and 39% a No. 7.5 tube. The major diagnoses in the 
order of frequency were traumatic >> neurologic 
vascular? medical (hypertensive episode, pneu- 
monia, overdose). The causes of death were trauma 
in five patients, vascular disease in two patients, 
closed head injury in one patient, and overdose in 
one patient. 


In the live patient group, the average duration of 
intubation was 9.8 days (SEM = 1.9; range, 3 to 54 
days). Twenty-one patients (64%) were intubated 
from 3 to 7 days, five patients (15%) were intu- 
bated from 8 to 12 days, four patients (12%) were 


* % Patients with Erythema '*- Erythema injury score, mean 





% Pis 


intubated from 13 to 17 days, and the remaining 
three patients were intubated from 33 to 54 days. 


In the live patient group, 17 reintubations oc- 
curred in 11 patients. Reasons for reintubation in- 
cluded 12 self-extubations, four failed extubation 
attempts, and one controlled reintubation in the 
operating room. Twenty-one patients (64%) were 
not reintubated, nine (27 % ) were reintubated once, 
two (6%) were reintubated twice, and one (3%) 
was reintubated five times. Ten patients were con- 
verted to a tracheostomy (30%). The average PIP 
was 37 cm H20 (SEM = 1.6). Tracheal cuff pres- 
sures were maintained constantly between 24 and 
30 cm H20 as dictated by respiratory therapy stan- 
dard protocol. Serum albumin levels during intuba- 
tion were 2.4 g/dL (SEM =0.2; normal range, 3.5 
to 5.2 g/dL). Only 10% of this group had normal 
albumin levels during intubation. Twenty-six pa- 
tients (80% ) had a nasogastric tube (NGT) while in- 
tubated, and 19 patients after extubation. The dif- 
ference in average ISS and GCS improved from in- 
tubation to extubation by 1.6 and 2.6, respectively. 


In the deceased group, the average duration of 
intubation was 8.2 days (SEM = 1.8). There were 
three reintubations in three patients, due to two 
failed extubation attempts and one self-extubation. 
One patient was converted to a tracheostomy. The 
average PIP was 39 cm H20 (SEM = 3.3). The albu- 
min levels during intubation averaged 3.2 g/dL 
(SEM - 0.8). All nine patients had NGTs. No signif- 
icant change in ISS or GCS from intubation to extu- 
bation was demonstrated. 


Signs and Symptoms of Laryngeal Injury. Oc- 
currences of hoarseness and loss of voice power are 
shown in Fig 1. The presence of hoarseness was 
evaluable in 18 patients; the remainder could not be 
evaluated because of a tracheostomy tube or coma- 
tose state. Of these, 15 patients (83%) demon- 
strated hoarseness postextubation. Hoarseness re- 
solved within 4 weeks, except in seven patients who 
also had TVC granuloma(s) (n - 4) and/or immo- 
bility (n = 5). Patients with hoarseness had an aver- 
age PIP of 41 cm H20 (SEM - 2.9), and patients 
without hoarseness had an average PIP of 34 cm 
H20 (SEM=1.5). Four patients (22%) demon- 
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Fig 2. Percentage of patients from live patient group (n = 33) A) with erythema, and severity of their erythema over time, and B) 


with ulceration, and severity of their ulceration over time. Note t 


tion. 


hat by 8 weeks all patients had resolution of erythema and ulcera- 
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TABLE 2. TRUE VOCAL CORD GRANULOMA(S) AND IMMOBILITY AND THEIR 
ASSOCIATIONS WITH HOST FACTORS (N = 33) 


Hoarseness 
Bilateral Previous Ery- and/or Prior Time 
Injury thema and/or Loss of Voice Nasogastric Relative Risk of Mean of Onset 
No. of (No. of Ulceration (No. Power (No. Tube (No. Endotracheal Tube Duration of After Extu- 






Inju Patients Patients 


Granuloma d 6 9 4* 
Delaved true 

vocal cord 

immobility 4 0 4 21 


No. 8 v No. 7.5 
9 (p= .09) 4 (p=.10) 


Intubation (d) bation (wk 
13 (p= .52) 2.5 
4 (p= .34) 


0.31 (p= .25) 18 (p= .04) 8.0 


*Seven of nine patients with granuloma were evaluated for hoarseness and/or loss of voice power. Other two were comatose. 


tOther two had tracheotomy. 


strated persistent loss of voice power postextubation 
that lasted for the duration of the study. Of these, 
all four had TVC granuloma(s) and/or immobility. 
No cases of stridor were observed. 


Numbers of cases of glottic erythema and ulcera- 
tion are shown in Fig 2. In the live patient group, 
31 of 33 patients (94%) demonstrated erythema of 
the glottis after extubation. Twenty-two patients 
(67%) demonstrated ulceration of the glottis after 
extubation. Erythema and/or ulceration was found 
consistently at the junction of the posterior one 
third and anterior two thirds of the TVC, in the 
region of the vocal process of the arytenoid car- 
tilage. This epicenter of injury was constant. As the 
severity of the injury increased, deeper tissue and 
surrounding tissue became involved. 


In the live patient group, the initial average ery- 
thema severity score was 1.9, representing moder- 
ate TVC erythema (SEM = 0.2; range, 0 to 4). The 
initial ulceration severity score averaged 1.5 
(SEM =0.3; range, 0 to 3), representing mucosal 
ulceration >3 mm in area without cartilage ex- 
posure. The presence and the severity of erythema 
and ulceration decreased in a near-linear fashion 
with time. At 8 weeks all patients had resolution of 
laryngeal erythema and ulceration, although some 
had subsequent granuloma formation or TVC im- 
mobility. Of those patients without documented 
resolution of injury and lost to follow-up, 16 had an 
average erythema severity score of 1.0 and an 
average ulceration severity score of 0.8 at an 
average of 2.4 weeks postextubation. These values 
are consistent with the time frame of injury resolu- 
tion represented in Fig 2. Higher GCSs were cor- 
related with a more rapid resolution of erythema 
(p= .02) and less erythema on initial examination 
(p= .04). Tracheostomy resulted in prolonged 
laryngeal erythema (p= .03) compared to that in 
patients without a tracheostomy. Duration of in- 
tubation and size of ETT did not correlate with the 
severity of erythema or ulceration present on the 
patients’ first examination or with the duration of 
erythema and ulceration. 


Table 2 shows occurrences of TVC granuloma 
formation. In the live patient group, nine of 33 pa- 
tients (27%) developed granuloma(s) on the vocal 
process of the arytenoid. Six of the nine patients had 
bilateral granulomas. All patients had previous ery- 


thema and/or ulceration. Of the seven patients with 
granulomas who were evaluated for voice, four 
(57%) had hoarseness and/or loss of voice power. 
Granulomas were seen only in those patients with 
an NGT while intubated (p = .09). Patients were at 
an increased risk of granuloma formation if intu- 
bated with a No. 8 versus a No. 7.5 ETT (p=.10). 
Those patients in whom granulomas were identified 
were somewhat older as a group than those without 
granuloma formation: 59 years old (SEM = 7.4) ver- 
sus 48 years old (SEM = 5.0). The development of 
granulomas was delayed, with the average time of 
onset at 3.5 weeks after extubation. Of the patients 
with granulomas, four had resolution of the granu- 
loma, at an average of 8 weeks. Duration of oral en- 
dotracheal intubation, PIP, albumin, ISS, GCS, 
and presence of tracheostomy did not correlate with 
granuloma formation. No cases of posterior com- 
missure webbing were observed. 


Cases of TVC immobility are numbered in Table 
2. Six cases (18%) of unilateral TVC immobility 
were observed in the 33 patients studied. Two were 
noted at extubation in patients suffering from a 
probable recurrent laryngeal nerve injury (gunshot 
wound and stab wounds to chest). The remaining 
four cases were delayed in onset, with documented 
normal TVC motion prior to the immobility. No 
cases of bilateral TVC immobility were observed. 
All patients had previous erythema and/or ulcera- 
tion. Of those able to speak, both were hoarse and 
one had loss of voice power. Immobility of the TVCs 
was seen only in those patients with an NGT while 
intubated, but the number of patients evaluated 
was too small to approach significance (p = .34). No 
trend existed with size of ETT used (p = .25). How- 
ever, the duration of oral endotracheal intubation 
significantly correlated with development of TVC 
immobility (p = .04). The average delay of onset of 
TVC immobility was 8 weeks. One of the four pa- 
tients had resolution of the immobility at 12 weeks. 
Age, number of reintubations, PIP, albumin, ISS, 
GCS, and presence of tracheostomy did not corre- 
late with TVC immobility. 


Within the deceased group of patients, postmor- 
tem examination revealed an erythema injury sever- 
ity score of 3.43 (SEM - 0.37) and an ulceration in- 
jury severity score of 2.86 (SEM = 0.63). These 


ra 
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scores were significantly worse than those in the live 
patient group. No granulomas were identified in 
the deceased group, except for the patient surviving 
3 weeks before dying. 


PROTOTYPE ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


The average age and duration of intubation in 
each study group were 39 years old and 1.8 hours 
(standard ETT) and 31 years old and 3.0 hours 
(prototype ETT). The anesthesiologists found no 
significant difference between the standard ETT 
and the prototype ETT regarding intubation, pas- 
sage of the suction catheter, volume of air to seal the 
distal tracheal cuff, or difficulty with extubation. 
One case of laryngospasm occurred in the 42 pa- 
tients studied. The event occurred in a patient intu- 
bated with the prototype ETT and was managed 
without reintubation or complication. Patient- 
blinded evaluation of symptoms on the day of intu- 
bation and the day after intubation revealed no sig- 
nificant difference between the standard and proto- 
type ETTs regarding sore throat, cough, aspiration, 
stridor, or hoarseness. No complications occurred in 
the study as a result of either ETT. 


DISCUSSION 


Laryngeal injury from prolonged intubation has 
been recognized for some time. Less well under- 
stood are the potential host factors associated with 
laryngeal injury. The ETT material, contact pres- 
sure as related to increasing ETT diameter, and 
duration of intubation all have been associated with 
laryngeal injury. The first section evaluated the 
standard ETT in prolonged oral intubation and 
identified possible host factors that correlate with 
certain types of laryngeal injury. The second section 
tested the relative safety and efficacy of the pro- 
totype ETT in an acute phase study. 


STANDARD ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


Hoarseness occurred in a large percentage of pa- 
tients during the postextubation period; however, 
all patients experienced resolution except for those 
with TVC granulomas(s) or immobility. The resolu- 
tion of hoarseness in those patients without TVC 
granuloma(s) or immobility followed a similar time 
course as that seen with erythema and ulceration. 
Patients with hoarseness had a higher average PIP 
than those without hoarseness. The higher flow 
rates of air escaping through the glottis (ie, cuff 
leak) may be responsible in part for hoarseness 
through damage to the TVC epithelium. Loss of 
voice power occurred less often than hoarseness, 
tended not to resolve, and more frequently was as- 
sociated with TVC immobility. Those patients 
without resolution of hoarseness at 7 weeks should 
be considered highly suspect for either TVC 


granuloma or immobility. Not all patients with 
granuloma formation had hoarseness, but both pa- 
tients with TVC immobility manifested hoarseness 
and one had loss of voice power. Hoarseness and 
loss of voice power may be the only outward signs of 
postintubation laryngeal injury. In patients with a 
tracheostomy or with decreased mentation these 
symptoms are absent and a laryngeal injury is likely 
to go unrecognized. 


The association of tracheostomy and prolonged 
erythema injury was significant; this observation is 
consistent with the work of Kirchner and Sasaki* 
suggesting that the presence of a foreign body and a 
tracheocutaneous conduit for bacteria would pre- 
dispose to more inflammation within the glottis. 
Size of the ETT and duration of intubation did not 
correlate with injury severity. Erythema and/or 
ulceration were present in all patients developing 
TVC granulomas; however, the severity of ery- 
thema and ulceration did not consistently predict 
those who developed TVC granulomas or immobili- 


ty. 


Nasogastric intubation antedated all cases of 
TVC granuloma(s). This may be a function of in- 
creased gastroesophageal reflux resulting from com- 
promise of the lower esophageal and cricopharyn- 
geal sphincters. The acidic contents refluxing in the 
region of the glottis and ETT may be sufficient to 
promote granuloma formation in the presence of a 
foreign body. Sofferman and Hubbell" demon- 
strated a 30% incidence of arytenoid edema in pa- 
tients intubated nasogastrically and not with an 
ETT. They proposed several potential pathophysio- 
logic mechanisms, including frequent motion of the 
posterior cricoid mucosa against the NGT, fixed by 
the cricopharyngeus muscle. They also proposed 
that the NGT is compressed between the larynx and 
cervical spine when the patient is in a supine posi- 
tion, thereby decreasing local mucosal perfusion. 
Our study suggests that simultaneous use of the 
ETT and NGT appears to place the larynx at an 
even higher risk. The No. 8 ETTs were associated 
with more frequent granuloma formation than 
were the No. 7.5 ETTs. Suggested pathophysiology 
is seen in the canine model, with increasing ETT 
diameter and decreased mucosal perfusion docu- 
mented by fluorescein studies." Duration of intu- 
bation did not correlate with granuloma formation. 


Immobility of the TVC resulting from oral ETT 
intubation also has been described by Whited,? who 
reported 16 patients with transient immobility after 
intubation for 5 days, the majority of whom re- 
turned to normal. He suggested that the mechanism 
was a function of mechanical trauma with resultant ` 
edema, ulceration, and inflammation of the larynx 
limiting normal motion. In addition, several of his 
patients suffered delayed laryngeal stenosis over a 
period of months.' In the present study no cases of 
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acute or delayed stenosis were observed, but four 
cases of delayed TVC immobility were docu- 
mented. We are unaware of any previous reports of 
delayed TVC immobility. In the canine model of 
prolonged intubation there was histologic evidence 
of inflammation and fibrovascular infiltration of 
the cricoarytenoid joint in those animals intubated 
with a standard oral ETT.'! Our results suggest that 
delayed TVC immobility appears to have a differ- 
ent cause than granuloma formation, because the 
associated host factors are different. Specifically, 
duration of intubation was significantly related to 
TVC immobility, but the presence of an NGT and 
the size of the ETT were not. The reverse of this was 
true for TVC granuloma formation, ie, the presence 
of an NGT and the size of the ETT were associated 
with TVC granuloma formation, but duration of 
intubation was not. In addition, the time of delayed 
onset was also different (Table 2). 


Possible pathophysiologic mechanisms to explain 
these findings can be drawn from the work of the 
above-referenced authors. Formation of TVC gran- 
uloma may result from ETT-induced decreased 
mucosal capillary perfusion with resultant inflam- 
mation and granulation tissue formation, exacer- 
bated by gastroesophageal acid reflux and local fric- 
tion from an NGT. Immobility of the TVCs may re- 
sult from chronic stenting, with cricoarytenoid joint 
synovial inflammation and fixation. After the stent 
(ETT) is removed the local inflammatory response 
takes time to resolve. This resolution time may be 
even longer if other sources of inflammation are 
present. Cricoarytenoid joint inflammation may 
lead to ankylosis. Sofferman and Hubbell’? reported 
that the presence of an NGT alone will lead occa- 
sionally (four cases) to TVC immobility. Although 
the association of TVC immobility with the pres- 
ence of an NGT did not achieve statistical signif- 
icance, all four patients with delayed TVC immo- 


bility had an NGT after extubation. 


PROTOTYPE ENDOTRACHEAL TUBE 
PROSPECTIVE STUDY 


The prototype ETT design is based on the prem- 
ise that increasing the surface area of contact be- 
tween the ETT and the posterior glottis decreases 
the point pressure to the laryngeal mucosa. Use of 
the prototype ETT in the canine model supports 
this concept.'' Prior to testing the prototype ETT 
for prolonged intubation in the human, an acute 
phase study was undertaken in a healthy low risk 
population. The acute phase study compared the 
standard and prototype ETTs on the basis of the 
anesthesiologists’ evaluation of the difficulty of use 
and the patients’ evaluation of symptoms postintu- 
bation. In both groups of evaluators there were no 
significant differences between the standard and 
prototype ETTs. The canine model and the acute 
phase prototype ETT in our human study support 
the thesis that the prototype ETT is relatively safe 
and likely to decrease the laryngeal injury inher- 
ently associated with prolonged intubation. A pro- 
spective randomized study comparing the standard 
and prototype ETTs in patients intubated for pro- 
longed intervals is in progress. 


CONCLUSION 


A prospective study evaluating laryngeal injury 
in patients experiencing prolonged oral endotra- 
cheal intubation with the standard ETT revealed 
several host factors associated with specific and dif- 
ferent laryngeal injuries. A second prospective 
study of the prototype ETT with a Fome-cuf at the 
level of the TVCs supports its relative safety and ef- 
ficacy in short-term oral intubations. A chronic pro- 
spective study evaluating the prototype ETT for 
prolonged endotracheal intubation is presently 
under way. 


REFERENCES 


1. Whited RE. A prospective study of laryngotracheal sequel- 
ae in long-term intubation. Laryngoscope 1984;94:367-77. 


2. Whited RE. Laryngeal dysfunction following prolonged 
intubation. Ann Otol Rhinol Laryngol 1979;88:474-8. 


3. Stauffer JL, Olson DE, Petty TL. Complications and con- 
sequences of endotracheal intubation and tracheotomy. Am J 
Med 1981;70:65-76. 


4. Kirchner JA, Sasaki CT. Fusion of the vocal cords follow- 
ing intubation and tracheostomy. Trans Am Acad Ophthalmol 
Otolaryngol 1973;77:88-91. 


5. Deane RS, Mills EL. Prolonged nasotracheal intubation in 
adults: a successor and adjunct to tracheostomy. Anesth Analg 
1970;49:89-97. 


6. Kastanos N, Miro RE, Perez AM, Mir AX, Agus TI, Vidal 
A. Laryngotracheal injury due to endotracheal intubation: inci- 
dence, evolution, and predisposing factors. A prospective long- 


term study. Crit Care Med 1983;11:362-7. 


7. Bergstrom J, Moberg A, Orell SR. On the pathogenesis of 
laryngeal injuries following prolonged intubation. Acta Otolaryn- 
gol (Stockh) 1962;55:342-6. 


8. Donnelly WH. Histopathology of endotracheal intubation: 
an autopsy study of 99 cases. Arch Pathol 1969;88:511-20. 


9. Hilding AC. Laryngotracheal damage during intratra- 
cheal anesthesia. Demonstration by staining the unfixed specimen 
with methylene blue. Ann Otol Rhinol Laryngol 1971;80:565-81. 


10. Lindholm C-E. Prolonged endotracheal intubation. Acta 
Anaesthesiol Scand [Suppl] 1969(suppl 33). 


11. Weymuller EA Jr. Laryngeal injury from prolonged endo- 
tracheal intubation. Laryngoscope 1988;98(suppl 45). 


12. Sofferman RA, Hubbell RN. Laryngeal complications of 
nasogastric tubes. Ann Otol Rhinol Laryngol 1981;90:465-8. 


Ann Otol Rhinol Laryngol 98:1989 


AUDITORY BRAIN STEM RESPONSES TO BONE-CONDUCTED 
TONES IN INFANTS 


DAVID R. STAPELLS, PHD 


ROBERT J. RUBEN, MD 


BRONX, NEW YORK 


The auditory brain stem responses (ABRs) to 500- and 2,000-Hz bone-conducted (BC) tones were recorded from 48 infants with ears 
exhibiting various external and middle ear states (normal, otitis media, auditory meatal atresia). Amplitudes were greater, wave V laten- 
cies longer, and detectability better for responses to 500-Hz BC tones compared to 2,000-Hz BC tones. Overall, most (94% to 100% ) in- 
fants with normal cochlear sensitivity demonstrate ABRs to 20-dB normal hearing level (nHL) 500-Hz BC tones and 30-dB nHL 2,000-Hz 
BC tones. In cases in which masking is difficult (eg, bilateral atresia), infant ipsilateral/contralateral ABR asymmetries may help deter- 
mine from which cochlea a response to the BC tones originates. In conclusion, two-channel ABR recordings to BC tones appear to be feasi- 


ble for demonstrating normal cochlear sensitivity in infants. 


KEY WORDS — auditory brain stem response, aural atresia, bone conduction, conductive impairment, infant, response asymmetry. 


INTRODUCTION 


The primary goal of evoked potential audiometry 
is to provide the same audiometric information for 
infants and difficult-to-test children as is routinely 
provided by pure tone behavioral audiometry for 
older patients. This information includes thresholds 
at specific frequencies for both air-conducted and 
bone-conducted (BC) stimuli. 


The auditory brain stem response (ABR) to air- 
conducted clicks is the most widely employed evoked 
potential audiometry technique. While informative 
and accurate in most cases, the use of clicks has 
many drawbacks. '-* Clicks cannot provide informa- 
tion concerning sensitivity for specific frequencies; 
ABR thresholds for clicks usually underestimate low 
frequency sensitivity. Further, the use of clicks has 
been demonstrated to miss significant impairments 
restricted to low, middle, or high frequency re- 
gions.** In contrast, several studies have demon- 
strated the satisfactory accuracy of the ABR to short 
duration tones for estimating pure tone behavioral 
thresholds.?555*'' These tone-ABR recordings, how- 
ever, are more demanding technically and require 
careful attention to stimulus (eg, tone rise time), re- 
cording (eg, electroencephalographic [EEG] filter 
bandpass, analysis time), and response interpreta- 
tion considerations. 217 


Several studies have investigated the brain stem 
responses to BC clicks, with most demonstrating the 
feasibility of the technique for estimating cochlear 
sensitivity." The acoustic spectrum of a click 
transduced through a bone oscillator, however, is 
significantly different from that of an air-conducted 
click.'*'* Thus, comparisons between air-con- 
ducted and BC click results may not always be val- 
id. As with air-conducted clicks, ABR results ob- 


tained with BC clicks are limited in that no infor- 
mation is provided regarding specific frequencies. 


Little information exists about ABR to BC tonal 
stimuli.'? A recent study of the effects of ipsilateral 
high-pass noise masking indicates that the frequen- 
cy specificity of normal-hearing adults ABRs to 
900- and 2,000-Hz BC tones is similar to that of 
their air-conducted results, although with some- 
what better frequency specificity for the 500-Hz BC 
stimuli.?? No reports have been published concern- 
ing these responses in infants. 


Impairment of middle ear conduction, such as 
that caused by otitis media (OM), is a common con- 
dition during infancy. Estimates of cochlear sensi- 
tivity are required for these infants, as well as for 
infants with external auditory meatal atresia and 
other cranial-facial malformations. Although diffi- 
cult to obtain, this information is important for sub- 
sequent decisions concerning these patients man- 
agement, including surgery. Such information 
might be obtained by recording the ABR to BC 
tones. 


The present study is a preliminary investigation 
of the ABR to 500- and 2,000-Hz BC tones recorded 
from a diverse group of infants. Infants with ears 
exhibiting a wide range of external and middle ear 
status (normal, OM, atresia) were tested in order to 
assess this technique's ability to demonstrate normal 
cochlear sensitivity in the infant population. No in- 
fants with sensorineural impairment, however, 
were tested, and possible differences between re- 
sults from normal ears and those from ears with OM 
or atresia were not investigated. This study also in- 
vestigated whether two-channel (ipsilateral/contra- 
lateral) ABR recordings provide additional infor- 
mation concerning the laterality of response origin. 
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MATERIALS AND METHODS 


A total of 48 infants participated in this studv. AII 
infants were between 2 weeks and 2 years of age 
(mean age, 6.1 months; standard deviation, 3.6 
months) at the time of testing. Infants were ex- 
cluded from this study if they failed to demonstrate 
ABRs to 80-dB nHL air-conducted clicks (n = 1) or 
demonstrated ABR wave I to wave V interpeak la- 
tency prolongations (n= 3). 


Eleven of the 48 infants who participated were 
referred for behavioral audiologic and ABR evalua- 
tions because of a diagnosis of unilateral (n = 6) or 
bilateral (n2 5) external auditory meatal atresia. 
The possibility of mild sensorineural hearing loss in 
atretic ears could not be ruled out firmly; however, 
computed tomographic scans from these 11 infants 
suggested normal development of inner ear struc- 
tures. Their atretic ear ABR thresholds for air-con- 
ducted clicks were 60 to 80 dB nHL with substan- 
tially prolonged latencies. Same-day or follow-up 
behavioral audiologic testing (n = 6) indicated nor- 
mal sensitivity to nonmasked BC pure tones in at 
least the better ear. 


Twenty-eight of the remaining 37 infants are be- 
ing followed up by the Low Birthweight Infant Fol- 
low-up and Evaluation (LIFE) program of the Al- 
bert Einstein College of Medicine and have demon- 
strated normal ABR thresholds to air-conducted 
clicks and tones and normal behavioral audiologic 
results. The remaining nine infants were referred 
for clinical ABR testing because of perinatal history 
and/or parental concern. Of these nine infants, one 
subsequently demonstrated normal behavioral au- 
diologic thresholds, six demonstrated normal ABR 
thresholds to air-conducted clicks on the day of test- 
ing, and two were lost to follow-up. Thus, sensori- 
neural hearing loss reasonably could be ruled out in 
35 of the 48 infants participating in this study. 


Fig 1. Brain stem responses recorded from 


Gecke A tert 4-month-old infant with normal middle ear 
status. Response presence determined from 


replicability of any component following 
stimulus offset (500 Hz, 10 ms; 2,000 Hz, 3 
ms). Contralateral ear was not masked. Ar- 
rows — approximate wave V latency. A) 
500-Hz bone-conducted tones. B) 2,000-Hz 
bone-conducted tones. 


Results were obtained for 66 ears of the above in- 
fants; these fell into three general categories: 1) nor- 
mal external and middle ear function (24 ears), 2) 
probable OM (25 ears), and 3) external auditory 
meatal atresia (16 ears). Middle ear status was de- 
termined from the results of day-of-test pneumatic 
otoscopy and/or tympanometry (220- and/or 660- 
Hz probe frequency), as well as prior physical ex- 
amination by an otolaryngologist (atretic ears). Cri- 
teria for classifying an ear as probable OM de- 
pended primarily upon the presence of a type B 
tympanogram. Otoscopic results consistent with 
middle ear effusion resulted in placement into the 
OM group. Ears demonstrating type A or C tympan- 
ograms?' were placed in the normal group. 


Stimuli consisted of 500- and 2,000-Hz tones pre- 
sented at 38.5/s through a Radioear B70A bone os- 
cillator. The 500-Hz tones were shaped by use of an 
envelope with a linear 4.0-ms rise time, a 2.0-ms 
plateau, and a 4.0-ms fall time; the 2,000-Hz tones 
were shaped by a 1.0-ms rise time, a 1.0-ms pla- 
teau, and a 1.0-ms fall time. Behavioral thresholds 
(0 dB nHL) for these BC short duration tones ob- 
tained from six normal-hearing adults were 54 and 
30 peak equivalent decibels (re:1 dyne rms) for 500 
and 2,000 Hz, respectively. Behavioral thresholds 
were obtained with the subject hand-holding the os- 
cillator on his or her temporal bone. These thresh- 
olds are similar to those obtained by another labora- 
tory for similar stimuli." Stimuli were calibrated 
with a Bruel & Kjaer artificial mastoid (model 
4930) and sound level meter (model 2203). Peak 
equivalent measures were obtained by matching the 
short duration tone’s peak-to-peak amplitude with a 
continuous sine wave of the same frequency, and 
then recording the reading of the sound level meter 
for the continuous tone.”? 


The brain stem responses were recorded with 
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Fig 2. Brain stem responses to 500- 
Hz tones recorded from 6-month- 
old infant with unilateral atresia. 
Contralateral (normal) ear was 
masked with 88-dB SPL white 





noise. Auditory brain stem re- 
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gold-plated cup electrodes placed at the vertex (Cz) 
and each mastoid (M1 and M2). A similar electrode 
placed on the forehead served as a ground. This set- 
up allowed the simultaneous recording of two EEG 
channels: 1) vertex to left mastoid (Cz-M1), and 2) 
vertex to right mastoid (Cz-M2). Interelectrode im- 
pedances were less than 3,000 Q. The EEG was am- 
plified and filtered with a bandpass of 30 to 3,000 
Hz (12 dB/octave slope). Trials containing ampli- 
tudes greater than +25 „V were automatically re- 
jected. Averaging was carried out by use of a 25-ms 
analysis time. At least two replications of 2,000 
trials each were always obtained for a specific con- 
dition. 


Testing was carried out in a double-walled sound- 
attenuating room (Industrial Acoustics Corp). All 
testing was carried out while the infants were in 
natural sleep or in chloral hydrate-induced sleep. 
In most cases, infants slept in a crib; occasionally 
they were held by their mothers. The bone oscilla- 
tor was placed on an infant's temporal bone directly 
above (within 2.5 cm) the ear to be tested, and held 
in place by his or her parent. Bone oscillator pres- 
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Fig 3. Mean results for all infants for 500- and 2,000-Hz bone-conducted tones. M 


sure was not controlled among infants. Except 
where indicated, masking of the ear contralateral to 
oscillator placement was not attempted. Only re- 
sults abtained without masking are included in the 
mean data. 


Presence of a replicable brain stem response was 
visually determined by two of three observers expe- 
rienced with tone-evoked ABRs. When present, 
four measures were obtained from each recording: 
1) presence or absence of a replicable response with- 
in the analysis time following the end of the stimu- 
lus (later than 10 ms for 500 Hz, and later than 3 ms 
for 2,C00 Hz); 2) amplitude of the maximum repli- 
cable deflection occurring within the analysis peri- 
od; 3) presence or absence of a vertex-positive ABR 
wave V; and 4) latency of wave V. Statistical anal- 
yses were carried out for individual ears with re- 
peated measures analyses of variance and Student's 
t tests. Results were considered significant if p « .05. 


RESULTS 


Ipsilateral Recordings. Figure 1 shows typical 
20 
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of ears contralateral to bone oscillator place- 


asking 
: ment was not employed. Asterisks — data points representing results of fewer than 10 ears. A) ABR maximum amplitude. B) Wave 


' V latency. 
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Fig 4. Cumulative brain stem response detectability for bone-conducted (BC) tones. Results for all ears combined, ears with normal 
middle ear status, ears with otitis media, and atretic ears are presented. Masking of ears contralateral to bone oscillator placement 
was not employed. Asterisks — results for fewer than 10 ears. A) 500-Hz tones. B) 2,000-Hz tones. 


brain stem responses to 500- and 2,000-Hz BC tones 
recorded from a 4-month-old infant with normal 
middle ear status. Replicable responses can be de- 
tected at 40 through 10 dB nHL for the 500-Hz BC 
tones, and at 40 through at least 20 dB nHL (record- 
ings were not obtained at 10 dB nHL) for the 2,000- 
Hz BC tones. The approximate latency of wave V in 
these waveforms is indicated by the arrows. For 
most subjects, however, the component easiest to 
discriminate is the vertex-positive to vertex-negative 
deflection that begins at the peak of wave V and 
continues for at least 3 to 8 ms. As demonstrated by 
this individual's results, wave V latency increases 
and amplitude decreases as the BC stimulus intensi- 
ty is decreased. Wave V latency is longer for the 
500-Hz BC stimuli; amplitudes are lower in re- 
sponse to the 2,000-Hz BC stimuli. 


Figure 2 shows the brain stem responses to 500- 
Hz BC tones and responses to 500- Hz air-conducted 
tones recorded from a 6-month-old infant with uni- 
lateral atresia. In this case, the infants contralat- 
eral (normal) ear was masked with 88-dB SPL white 
noise. This level of white noise is above that re- 
quired for effective masking of the same stimuli in 
adults. The responses to the air-conducted tones 
demonstrate a threshold of 70 or 80 dB nHL, a level 
elevated 50 to 60 dB above the usual threshold for 
these stimuli.?^*? In contrast, the responses to the BC 
tones demonstrate clear components at 20 and 10 
dB nHL, suggesting that the cochlea of the atretic 
ear responds to low intensity, 500-Hz BC stimuli 
(assuming the contralateral ear was effectively 


masked). 


The brain stem responses from the two infants 
presented above are typical of the results obtained 
from the larger group of infants participating in this 
study. Mean amplitude and latency results are pre- 


sented in Fig 3 for the 500- and 2,000-Hz BC tones 


and reflect the pattern of results shown in Fig 1. 
The responses to 500-Hz BC tones are about 50% 
greater in amplitude than the responses to the 2,000- 
Hz BC tones (t = 2.89, df 2 52, p« .01). The differ- 
ence is greater at 40 dB nHL, when the mean 
2.000-Hz amplitude decreases slightly from the 
30-dB mean, indicating 2,000-Hz amplitude satura- 
tion above 30 dB nHL. The mean 500-Hz wave V 
latency (10.75 ms at 40 dB) is about 1.5 ms later 
than for the 2,000-Hz BC tones (t= 2.41, df = 24, 
p«.05). The slopes of the amplitude increase and 
latency decrease with increasing intensity are simi- 
lar in response to the two stimuli, except for the 
2.000-Hz amplitude saturation above 30 dB nHL. 
The latency shift with stimulus frequency is less 
than half that seen for responses to air-conducted 
tones in infants?* and may indicate decreased fre- 
quency specificity for either the 500- or 2,000-Hz 
BC tones, or both. 


Figure 4 presents the cumulative detectability of 
a replicable response versus intensity for the 500- 
and 2,000-Hz BC tones. Data for all ears combined 
are presented together with results for the three 
middle ear status categories. As would be expected 
from the amplitude results, responses to the 500-Hz 
BC tones are detectable at lower intensities (relative 
to adult behavioral threshold) than are those to the 
2.000-Hz BC tones. The detectability of the re- 
sponses for the different ear categories is essentially 
similar. These data demonstrate the feasibility of 
recording the ABR to BC tones from infants with 
normal cochlear sensitivity. Most of these infants, 
with or without conductive involvement, demon- 
strate responses to 500-Hz BC tones presented at 20 
dB nHL (100%) and to 2,000-Hz BC tones pre- 
sented at 30 dB nHL (94%). 


Ipsilateral Versus Contralateral Recordings. Fig- 
ure 5 shows the brain stem responses recorded in the 
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Fig 5. Brain stern responses recorded in ipsilateral (ipsi) and contralateral (contra) EEG channels in response to A) 500- and 
B) 2,000-Hz bone-conducted tones. Masking of ears contralateral to bone oscillator placement was not employed. Filled ar- 
rows — approximate ipsilateral wave V latency, open arrows — approximate contralateral wave V latency. A) Subject 4 
months of age with OM. B) Subject 4 months of age with normal hearing. 


vertex-to-ipsilateral mastoid and in the vertex-to- 
contralateral mastoid EEG channels obtained from 
two 4-month-old infants. The stimuli were 500- and 
2,000-Hz BC tones. With the exception of the re- 
sponses at 40 dB nHL, clear differences exist be- 
tween the responses in the two channels, with ipsi- 
lateral responses being greater in amplitude and 
earlier in latency than those recorded in the contra- 
lateral channel. Response threshold is lower for the 
ipsilateral channel. These results are similar to 
those demonstrated previously for neonates' ABR to 
air-conducted clicks.??* Unlike responses to air- 
conducted stimuli, however, the brain stem re- 
sponses to the 40-dB nHL BC tones are similar in 
both channels, both at 500 and 2,000 Hz (Fig 5). 
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Figure 6 presents the mean ipsilateral and contra- 
lateral ABR latency and amplitude results for 500- 
Hz BC tones for all infants. Mean amplitudes are 
significantly lower (at 500 Hz: F = 19.77, df = 1,46, 
p<.0002; at 2,000 Hz: F=17.78, df=1,30, 
p«.0005) and wave V latencies significantly later 
(at 500 Hz: F = 22.78, df = 1,21, p< .0002; at 2,000 
Hz: F = 29.47, df = 1,17, p« .001) in the contralat- 
eral: channel recordings for the BC tones presented 
at 30 dB nHL and lower. At 40 dB nHL, the mean 
ipsilateral and contralateral amplitude differences 
just reached statistical significance for the 500-Hz 
BC tones (t = 2.22, df = 11, p = .048) but not for the 
2,000-Hz BC tones (¢=0.141, df 29, p>.85). In 
contrast, the mean wave V ipsilateral/contralateral 
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Fig 6. Mean ABR results for ipsilateral versus contralateral EEG channels. Stimuli were 500-Hz bone-conducted tones. Data repre- 
sent mean for all infants. Ears contralateral to bone oscillator placement were not masked. Asterisks — data points representing re- 
sults for fewer than 10 ears. A) Maximum amplitude. B) Wave V latency. 
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Fig 7. Cumulative A) brain stem response detectability and B) wave V detectability for ipsilateral and contralateral EEG channels. 
Stimuli were 500-Hz bone-conducted tones. Data represent results for all infants. Ears contralateral to bone oscillator placement 


were not masked. 


40-dB nHL latency difference reached statistical 
significance for the 2,000-Hz BC tones (t= 3.65, 
df=7, p«.01) but not the 500-Hz BC tones 
(t — 0.82, df 28, p» Ai 


On average, the contralateral channel results 
demonstrate poorer response detectability com- 
pared to the ipsilateral recordings (Fig 7A). This is 
true below 30 dB nHL for the 500-Hz BC tones and 
below 40 dB nHL for the 2,000-Hz BC tones. If only 
the detectability of an ABR wave V is considered 
(Fig 7B), differences between the responses re- 
corded in the ipsilateral and contralateral EEG 
channels are heightened. In those cases in which a 
replicable response was seen with no detectable 
ABR wave V, the waveforms demonstrated either a 
vertex-negative component. near the ipsilateral 
wave V latency,? or a vertex-positive component 
similar in morphology but occurring either too late 
or too early to be wave V. 


The ipsilateral/contralateral asymmetry of in- 
fants' brain stem responses might be helpful for de- 
termining which cochlea is the primary contributor 
to a response (when masking is not possible). The 
recordings shown in Fig 8 were obtained from a 9- 
month-old infant with normal middle ear status, 
and show her responses to 500-Hz air-conducted 
tones presented at 40 dB nHL (Fig 8A) and to 500- 
Hz BC tones presented at 20 dB nHL (Fig 8B). 


When either the left ear or the left temporal bone 
was stimulated, the ipsilateral (Cz-M1) EEG chan- 
nel demonstrates a clear response, whereas none is 
visible in the contralateral (Cz-M2) channel. When 
the earphone or oscillator is switched to the right 
ear, the response asymmetry makes a corresponding 
switch such that the response is now seen in the 
right (Cz-M2) channel. For the low intensity air- 
conducted stimulus, the recorded response repre- 
sents only the response originating from the stimu- 


lated ear, and the corresponding right/left response 
changes are indicative of a change of the cochlea 
being stimulated. The similar ipsilateral/contralat- 
eral changes seen for BC stimuli also should repre- 
sent a change in which cochlea is the primary con- 
tributor to the response. 


The potential utility of these asymmetries is dem- 
onstrated in Fig 9, which shows the ipsilateral/con- 
tralateral ABR waveforms to 20 dB nHL 500- and 
2,000-Hz BC tones recorded from a 3-month-old in- 
fant with bilateral external auditory meatal atresia. 
In contrast with the infant of Fig 8, it was not possi- 
ble to provide masking noise to this patient's ears. 
As expected, his waveforms demonstrate changes in 
response asymmetry similar to those in Fig 8. These 
results thus suggest cochlear sensitivity to these 500- 
and 2,000-Hz BC tones bilaterally. 


The above asymmetry reversal was investigated 
for 46 ears at 500 Hz and 28 ears at 2,000 Hz. In 
total, for 20-dB nHL 500-Hz BC tones, 94% of the 
ears demonstrated the expected response asymmetry 
(response greater and/or earlier ipsilaterally), 2% 
demonstrated equivocal results (amplitude and la- 
tency the same ipsilaterally and contralaterally), 
and 4% demonstrated opposite results (latency ear- 
lier and amplitude greater in contralateral channel). 
Similar results were seen for the 2,000-Hz BC tones 
presented at 30 dB nHL, with 93% demonstrating 
the expected asymmetry, 7% giving equivocal re- 
sults, and none demonstrating opposite results. 
These data suggest the feasibility of employing the 
infant ABR asymmetries when determining the 
cochlear origin or “laterality” of a response. 


DISCUSSION 


This study demonstrates the feasibility of record- 
ing the ABR to BC tones for the purpose of demon- 
strating normal cochlear sensitivity. Most (94% to 
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white noise. Filled arrows — ap- 
proximate ipsilateral wave V la- 
tency. A) Responses to 40-dB nHL 


air-cond tones. B) Responses 
to 20-dB nHL bone-conducted Cz Mi 
tones. 

500 Hz 
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100%) infants with normal cochlear sensitivity will 
demonstrate replicable ABRs when 20-dB nHL 500- 
Hz or 30-dB nHL 2,000-Hz BC tones are presented 
to the temporal bone. The absence of a response to 
these stimuli suggests the presence of sensorineural 
impairment; the presence of a response suggests 
normal cochlear sensitivity at least for the better 
ear. Although the extent to which this technique 
may be applied to infants with sensorineural or 
mixed impairments was not investigated, reliable 
results were found for infants with normal middle 
ear function, infants with OM, and infants with 
unilateral or bilateral external auditory meatal 
atresia. 


The ipsilateral/contralateral amplitude and la- 
tency asymmetries seen in infants’ ABRs to air-con- 
ducted stimuli'$2?2* are also present in their re- 
sponses to BC stimuli. These asymmetries may help 
determine which cochlea is the primary contributor 
to the recorded ABR. This is particularly useful, as 
it is often difficult to apply masking to an infant's 


m 


25 ms 


contralateral ear while he or she sleeps. It is also dif- 
ficult to determine the required masking levels for 
individual infants. 


The ABR to BC stimuli is unique in its ability to 
assess bilateral conductive impairment, especially 
bilateral atresia, when masking is either impossible 
or very difficult. The inclusion of BC tonal stimuli 
supplements the information provided by evaluat- 
ing ipsilateral/contralateral ABR wave I asymme- 
tries ir. response to BC clicks, in which the presence 
of wave I indicates contribution of the cochlea ipsi- 
lateral to wave I,” by providing information for 
specifiz frequencies. Further, the later ipsilater- 
al/con-ralateral asymmetries investigated in the 
present study may remain clear even when wave I is 
not recordable, as is often the case when high fre- 
quency impairment is present, when low intensity 
stimuli are used, or during poor signal-to-noise re- 
cording conditions. 


Litte is known of the effects of maturation of 
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either the calvarium or the brain stem auditory 
pathways on these results. The contralateral ABR 
(wave V) to air-conducted clicks in older children 
and adults is nearly identical to that recorded ipsi- 
laterally; thus the wave V asymmetries seen in the 
infants in this study (2 to 24 month of age) would 
decrease as they mature.!5 Yang and his colleagues" 
have shown maturational changes in the ipsilateral 
ABR to BC clicks that suggest decreasing interaural 
attenuation of the click from 25 to 35 dB in neo- 
nates, 15 to 25 dB in l-year-olds, and 0 to 10 dB in 
adults, occurring presumably as a result of matura- 
tion of the cranium and membranous tissues. The 
similarity of the ipsilateral and contralateral re- 
sponses to 40 dB nHL BC tones, however, suggests 
the process is more complex than simple attenua- 
tion. Further investigation of the effects of develop- 
ment on these results is required. 


The results of the present study are consistent 
with the suggestion that masking of the contralat- 
eral ear may not be required for low intensity BC 
stimuli in young infants." By 40 dB nHL, however, 
both cochleas appear to be stimulated and masking 
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* 
Ier pu yf as fg, 
Cz - M2 Wei e he rue Doer AN a 
u 
í 25 m3 
B 


may be necessary. Further study may indicate that 
the presence of similar ipsilateral and contralateral 
responses (ie, a lack of asymmetry) at this intensity 
in young infants indicates cochlear sensitivity to the 
BC stimulus bilaterally. 


Infants brain stem responses to 500-Hz BC tones 
are greater in amplitude and detectable at lower in- 
tensities than those to 2,000-Hz BC tones. Similar 
results have been demonstrated for adult subjects. "2 
This finding contrasts with the ABR to air-con- 
ducted tones, in which thresholds are lower for 
2,000-Hz tones than for 500-Hz tones.?:*5:1? These 
results may be related to the frequency response of 
the bone oscillator"* and to skull transmission 
characteristics." They also may reflect activation of 
greater cochlear area by 500-Hz BC tones. Overall, 
thresholds for the 500- and the 2,000-Hz BC tones 
are lower (relative to adult behavioral threshold) 
than those obtained for air-conducted tones. Al- 
though the nHL levels obtained in this study are 
within 2 to 5 dB of those obtained elsewhere,?? and 
the SOU. Hz versus 2,000-Hz threshold difference is 
similar to existing pure tone audiometric BC cali- 


ER 
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bration standards,?* adult reference levels for BC 
stimuli may not be applicable to young infants. The 
results of the present study and those of Yang et al" 
suggest that these BC stimuli are more effective 
("louder") in young infants than in adults. If this is 
true, data based upon ABR detectability (Fig 4) in 
normal infants may be the preferred means of de- 
termining “0 dB nHL.” 


Although the results of this study are encourag- 
ing, several limitations and important unknown 
factors exist for this technique. More-detailed inves- 
tigations of possible group differences in the BC 
ABR results obtained from patients with differing 
conductive losses will require knowledge of their 
air-conducted versus BC results. The short duration 
stimuli transduced through a B70A bone oscillator 





have a dynamic range of only 45 to 60 dB,'* and 
therefore they are limited when applied to patients 
with sensorineural hearing impairment. The effects 
of sensorineural hearing impairment on the ipsilat- 
eral/contralateral asymmetries of ABR to BC tones 
awaits investigation. Further information is needed 
concerning the stimulus and other subject depen- 
dencies of the ipsilateral/contralateral asymmetries. 
Little is known of the spectral content of BC stimuli 
at the cochlea or how this may change as an infant's 
skull matures. Finally, investigation of the frequen- 
cy and place specificity of these BC tone ABR mea- 
sures is needed. Although they are reasonably fre- 
quency-specific in adults,?? the small difference be- 
tween infant ABR latencies to 500- and 2,000-Hz 
BC tones (Fig 3) may indicate decreased frequency 
specificity. 
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AUDIOLOGIC THRESHOLD MONITORING OF PATIENTS 
RECEIVING OTOTOXIC DRUGS 
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An effort was made to determine the efficacy of auditory threshold monitoring of patients receiving ototoxic drugs. Forty-four pa- 
tients treated with either tobramycin or vancomycin for osteomyelitis were tested at the beginning of treatment, following treatment, and 
twice weekly during treatment when possible. All patients had renal function carefully monitored. Peak and trough drug levels were kept 
out of the toxic range throughout the study. In no patient did indisputable ototoxicity occur, and therefore, no conclusion about the most 
efficacious schedule for auditory monitoring of patients receiving ototoxic drugs was made, and what constitutes a significant intrathera- 
peutic threshold shift js still in question. Until further data are collected, monitoring of renal function and peak and trough drug levels, as 
well as patient counseling, is recommended. Pretherapy and posttherapy auditory monitoring and intratherapeutic monitoring of high-risk 


patients and those who develop aural symptoms may prove beneficial. 


KEY WORDS -— ototoxicity, peak and trough levels, renal function. 


INTRODUCTION 


Two instances in which patients suffered sensori- 
. neural hearing loss following parenteral treatment 
with ototoxic drugs were recently litigated in north 
central Texas. The plaintiffs each alleged that intra- 
therapeutic monitoring could have provided early 
warning and therefore would have deterred serious 
hearing loss, and that lack of auditory monitoring 
constituted a breach in the standard of care. The 
defense argued that the ototoxic drugs were used as 
a lifesaving measure and that no standard of care 
existed regarding intratherapeutic auditory moni- 
toring of patients receiving ototoxic drugs, an argu- 
ment supported by the literature. Thompson and 
Northern! readily admitted that there is no firm 
agreement on the efficacy of routine auditory moni- 
toring and that its usefulness remains in question. 
Lerner and Matz? agreed that the role of auditory 
monitoring in the prevention of ototoxic hearing 
loss was uncertain, and acknowledged that insuffi- 
cient information was available to establish any 
firm guidelines. Despite these publications and 
none to the contrary, in both cases the plaintiff's ar- 
guments prevailed and substantial settlements 
against the physician and the hospital were reached. 


As a result of these legal decisions and in view of 
the fact that no standard of practice for auditory 
monitoring during the use of ototoxic drugs is ap- 
parent to the authors, members of the American 
Otological Society, Inc, were consulted for their 
opinions. Of the 110 questionnaires mailed, 79 were 
completed and returned. Most respondents, in addi- 


tion to completing the questionnaire, acknowledged 
that little or no agreement existed in the literature, 
and that there was a definite lack of well-controlled 
studies and insufficient information available to 


. reach any firm conclusions. Less than 4% (3/79) of 


those who responded felt that pretreatment, post- 
treatment, and daily during-treatment monitoring : 
of auditory thresholds was necessary. Án equally 
small number (4/79) felt that no monitoring at all 
was required. The majority of respondents (52%) 
preferred biweekly monitoring of auditory thresh- 
olds in addition to pretherapy and posttherapy 
measurements, but 32% felt that weekly monitor- 
ing was sufficient. Six of those answering the ques- 
tionnaire (8%) felt that intratherapeutic monitor- 
ing was unnecessary as long as baseline thresholds 
were obtained prior to and following therapy. Al- 
most all respondents volunteered that careful dos- 
ing and careful monitoring of peak and trough drug 
levels along with careful monitoring of renal func- 
tion and insightful pretherapy patient counseling 
were the most important aspects of good patient 
care when the parenteral use.of ototoxic drugs was 
required. Almost all respondents also felt that a 
clinical change in the patients' aural symptoms (tin- 
nitus, fullness, balance disturbance, or hearing loss) 
should mandate institution of auditory testing if it is 
not already in progress. 


In an effort to help determine the efficacy of in- 
tratherapeutic auditory monitoring of patients on 
parenteral ototoxic drugs, a prospective study was 
designed. The chosen interval for monitoring was 
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that most frequently recommended by the members 
of the American Otological Society, Ino, who an- 
swered the questionnaire (ie, pretherapv, postther- 
apy, and biweekly during therapy). 


MATERIALS AND METHODS 


Forty-four consecutive patients with osteomye- 
litis requiring parenteral treatment with ototoxic 
antibiotics (tobramycin sulfate or vancomycin) 
were studied. Nineteen patients were female, 25 pa- 
tients were male, and the average age was 46 years 
(range, 16 to 77 years). Preoperatively, the patients 
were staged for the type of osteomyelitis according 
to the classification of Cierny et al.? Prior to treat- 
ment all patients had the following studies per- 
formed: erythrocyte sedimentation rates, SMAC 
(sodium, potassium, chloride, blood urea nitrogen 
[BUN], creatinine, glucose, and carbon dioxide), 
complete blood cell count, culture and sensitivity of 
the wound when possible, triphasic technetium 
99m bone scan, and indium-labeled white blood 
cell studies, as well as computed tomography, mag- 
netic resonance imaging, and plain x-ray studies of 
the involved area. Creatinine clearanc2 was per- 
formed if the BUN or creatinine was elevated. The 


patients then underwent radical debridement of the : 


infected bone and soft tissue. Deep samples for cul- 
ture were obtained, antibiotic-impregnated beads 
were placed (vancomycin or tobramycin, depend- 
ing on pretherapeutic cultures and sensitivity), soft 
tissue coverage was performed, and a Groshung 
catheter was inserted (C. Maale and J. Peloza, un- 
published data). 


Intravenous injections of antibiotics were started, 
again based on preoperative cultures if available. If 
preoperative cultures were not available, patients 
were started on a regimen of Ancef and tobramycin 
until the results of the intraoperative cultures were 
available. All patients received either vancomycin 
or tobramycin throughout the course of therapy, 
but none received two ototoxic drugs simultaneous- 
ly. Antibiotic dosing was determined by the bayes- 
ian and least-squares methods that are based on 
lean body weight and renal function.** Peak and 
trough antibiotic levels were determined weekly for 
tobramycin and vancomycin, and serum BUN and 
creatinine levels were determined biweekly 
throughout therapy. Two weeks after the initial 
procedure, the patients were taken back to the op- 
erating room for additional radical debridement, 
additional obtaining of samples for culture, and re- 
moval of the antibiotic-impregnated beads. If signs 
of infection persisted, antibiotic-impregnated beads 
were reimplanted and removed after an additional 
2 weeks, with further debridement at that time. If 
no signs of persistent infection existed, the wound 
was irrigated copiously and definitive reconstruc- 
tion was performed. Intravenous antimicrobial ther- 
apy was continued for 6 weeks after the firal surgical 
procedure. 


Audiologic threshold testing was performed by a 
certified clinical audiologist and was begun within 
48 hours of drug initiation and discontinued within 
48 bours of treatment completion. Patients were 
tested biweekly at bedside, when their condition 
permitted, on a Maico MAAT portable audiometer. 
Patients who continued therapy at home reported 
to our office for monitoring and were tested on a 
Grason Stadler GS1-16 clinical audiometer. Pure 
tone air conduction threshold testing was performed 
at 2,000, 3,000, 4,000, 6,000, and 8,000 Hz. Low 
frequency testing results were not used because low 
frequency ambient room noise rendered those re- 
sults inaccurate.‘ Bone conduction testing at 2,000 
and 1,000 Hz was performed at the initial evalua- 
tion and at subsequent evaluations if an air conduc- 
tion threshold shift was observed. Aural symptoms 
that developed during treatment were recorded. 


RESULTS 


The 44 patients underwent a total of 374 auditory 
threshold tests for an average of 8.5 tests per pa- 
tient Patient debilitation and the effects of anesthe- 
sia in those seen shortly after debridement prohib- 
ited consistent intratherapeutic biweekly testing in 
all patients. Ten of the 44 patients suffered an in- 
creased threshold of at least 15 dB in one frequency, 
a finding felt to be significant for ototoxicity by 
Thoripson and Northern.' Thirteen of the patients, 
however, experienced an improved threshold of at 
least 15 dB in one frequency. In two patients, a 
15-dB increase in threshold occurred in the ear con- 
trala-eral to the one that experienced a 15-dB de- 
crease in threshold, and in one patient, a 15-dB in- 
crease in threshold at one frequency was followed 
by a 15-dB decrease in threshold at the next fre- 
quency tested. These findings made a 15-dB change 
in one frequency seem of questionable significance 
in the study of ototoxicity and, therefore, average 
thresnold changes were computed for the five fre- 
quenolies tested (see Table). Seven patients (nine 
ears) demonstrated an average increase of 5 dB or 
more per frequency in the five frequencies tested, 
wherzas in eight patients (nine ears) there was a 
similer 5-dB average improvement. No patient had a 
decrease in auditory threshold of 10 dB or greater at 
three consecutive frequencies, and.in no case was the 
antibiotic treatment altered in any way as the result 
of these shifts. The threshold shifts were not associ- 
ated with aural symptoms and did not progress. 


There appeared to be no association between pa- 
tient sex and the predisposition for auditory thresh- 
old change, nor could any relationship be found be- 
tween preexisting hearing loss and threshold 
change. Peak and trough levels for both tobramycin 
and vancomycin never reached the toxic range in 
any patient. Total dosages ranged between 0.48 g 
and 34.89 g for tobramycin and between 1.8 g and 
137.75 g for vancomycin and appeared to have no 
relationship to change in auditory threshold. Dur- 


SUMMARY OF OTOTOXIC DRUG THERAPY AND THRESHOLD CHANGE 


952 
Pt 
No. Age Sex 
l 35 F 
2 48 F 
3 68 F 
4 38 F 
5 23 F 
8 55 F 
7 37 M 
8 63 M 
9 62 M 
10 o0 M 
l1 39 M 
12 38 F 
13 TT F 
148 57 F 
15 45 M 
16 52 M 
17 57 M 
18 56 F 
18 64 M 
20 69 F 
21 48 M 
228 87 M 
23 32 F 
24 3l M 
25 63 M 
26 43 F 
27 59 F 
28 34 M 
29 61 M 
304 32 F 
31 31 F 
32 35 M 
33 36 M 
34 28 M 
35 38 M 
36 39 F 
37 60 F 
38 17 F 
39 52 M 
40 62 M 
41 34 M 
42 16 M 
43 31 M 
44 57 F 
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Drug 
Tobramycin 
Vancomycin 
Tobramycin 
Tobramycin 
Vancomycin 
Vancomycin 
Tobramycin 
Tobramycin 
Tobramycin 


Vancomycin 
Tobramycin 


Vancomycin 
Vancomycin 
Vancomycin 


Vancomycin 
Tobramycin 


Vancomycin 
Tobramycin 
Vancomycin 
Tobramycin 
Tobramycin 
Tobramycin 
Vancomycin 
Tobramycin 
Tobramycin 
Tobramycin 
Tobramycin 
Tobramycin 


Tobramycin j 


Tobramycin 
Tobramycin 
Vancomycin 
Tobramycin 
Tobramycin 
Tobramycin 
Tobramycin 
Vancomycin 
Vancomycin 
Vancomycin 
Vancomycin 
Vancomycin 
Tobramycin 
Tobramycin 
Tobramyetn 
Tobramycin 
Vancomycin 


Total Dose (g) 


5.09 
88.0 
0.485 
0.800 
137.75 
22.25 
1.12 
1.44 
30.40 


71.25 
2.64 


21.10 
8.06 
32.45 


42.2 
0.99 


28.5 
29.8 
49.59 
8.55 
3.5 
9.16 
90.25 
2.79 
21.68 
7.12 
5.25 
1.65 
7.14 
21.55 
6.87 
1.8 
0.68 
21.55 
34.89 
3.3 
40.6 
24.8 
28.02 
83.51 
75.5 
18.82 
6.8 
14.0 
7.12 
31.0 


Pretreatment renal function of all patients except patient 30 was within normal limits. 


NC — no change. 


* Average threshold change in decibels per frequency over five frequencies tested. 
{Drug therapy stopped because of increased creatinine level. 


§Developed tinnitus during therapy. 


{Had renal failure and dialysis, 


Creatinine Level 
During Therapy 


Increased { 
NC 
Increasedt 
NC 
NC 
Increased t 
NC 
NC 
Increased] 
NC 


NC 
NC 
NC 
NC 


NC 
NC 
NC 
Increasedt 
NC 
NC 
NC 
NC 
NC 
NC 
Increasedf 
Increased] 
NC 
NC 
Increasedt 


NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 


Threshold Change 
During Treatment* 
Right Ear Left Ear 

5 5 
0 0 
— 4 -—9 

— 3 —3 

— 2 — 2 

— |] -1 

0 -—1 
0 —1 
0 0 
4 —4 
— 1l l 
—12 —4 
5 13 
— 6 —3 
2 9 
3 7 
— 5 3 
— 2 3 
5 -5 
3 6 
— 4 3 
4 8 
— 2 2 
l I 
3 l 
— 1 2 
0 l 
0 0 

— ] —4 

—10 —6 

— 3 —5 

— 1 —3 

— 3 —3 

l 0 

— 9 0 

0 0 
3 2 
3 1 
0 ~ Í 
l 0 
2 —1 
— 5 —l 
1 0 
— 1 0 
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ing therapy, eight patients showed evidence of al- 
teration in renal function requiring changes in their 
dosing, but as with total dosage, no relation be- 
tween change in renal function and decrease in au- 
ditory threshold could be identified. Patients who 
suffered an average hearing loss of 5 dB or more per 
frequency in at least one ear, however, were 58 
years of age on average, as compared to the average 
age of 46 years for the study population as a whole. 
Although the numbers are small, this suggests that 
advancing age, independent of renal function or 
preexisting hearing loss, may predispose one to oto- 
toxicity. 


DISCUSSION 


The results of this preliminary study show a com- 
pletely random data scatter and no clear-cut ototox- 
icity except, perhaps, in association with aging. We 
believe that not only is routine auditory threshold 
monitoring of patients receiving ototoxic drugs not 
of proven efficacy, but that no clear guidelines as to 
what represents a significant change in hearing un- 
der these most adverse conditions exist. Both drugs 
used in this study, tobramycin and vancomycin, 
frequently are needed in severe infections as lifesav- 
ing or limb-saving medications, and it is essential to 
understand their individual properties. All amino- 
glycosides consist of an amino sugar linked to an- 
other moiety by a glycoside bond. All members of 
the aminoglycoside family have relatively broad- 
spectrum antimicrobial coverage and are used top- 
ically or by injection because of their poor absorp- 
tion through the gastrointestinal tract. All members 
of this family have potential for both nephrotoxicity 
and ototoxicity." Tobramycin is an aminoglycoside 
that has the potential to cause vestibular as well as 
cochlear injuries. It crosses the blood-brain barrier 
poorly, and therefore its presence in the inner ear 
must occur through the vascular route. Serum levels 
are dependent not only upon dosage but upon renal 
function P High frequency, steeply sloping sensori- 
neural hearing loss is the early audiologic finding 
in patients suffering cochlear ototoxicity, and pa- 
tients frequently complain of tinnitus before hear- 
ing loss. Because of the drug’s slow clearance from 
the inner ear, these manifestations of toxicity may 
not occur until after administration of the drug has 
been stopped.’ 


Vancomycin, a narrow-spectrum antibiotic pro- 
duced by Streptomyces orientalis, may also be life- 
saving and is effective against gram-positive cocci. 
It has been reported to be especially ototoxic in 
cases complicated by renal failure or in which other 
potentially ototoxic drugs are being used.’ There is 
little experimental information about the ototox- 
icity of vancomycin, since it exerts its antimicrobial 
activity by interfering with cell wall synthesis, a 
process that is not ongoing in the inner ear.? 


The conclusions drawn from the results of our 


study on use of these two drugs are in agreement 
with those of Thompson and Northern.! who stated 
that routine auditory monitoring of patients receiv- 
ing ototoxic drugs is unnecessary unless the patients 
are at high risk. We included in our study 1) pa- 
tients with impaired renal function, 2) patients re- 
ceiving high doses of ototoxic drugs for an extended 
period of time, 3) patients with unacceptably high 
peak and trough drug levels during treatment, 4) 
patients taking more than one ototoxic drug at a 
time, 5) patients with preexisting hearing loss or 
severe visual impairment, and 6) patients who de- 
velop aural symptoms during therapy. 


These conclusions are also in keeping with those 
of Lerner and Matz,? who suggested guidelines for 
monitoring patients taking ototoxic drugs, although 
they admitted that sufficient information to support 
their guidelines was lacking. They stressed the im- 
portance of monitoring renal function, as well as 
peak and trough levels of the drug in use, but were 
far less emphatic about the role of auditory moni- 
toring in the prevention of hearing loss. Perhaps be- 
cause of our small sample size and the careful con- 
trol of peak and trough levels, no association could 
be identified between renal function or total drug 
dosage and ototoxicity in our patient population. 
Last, an effort was made in our study to find an as- 
sociation between patient age and ototoxicity, as 
well as any correlation between preexisting hearing 
loss and the patients’ susceptibility to ototoxicity. 
Although suggestions of such predisposition have 
been made in the literature, they could be corrobo- 
rated only with advancing age in our patients and 
nof with preexisting hearing loss.?:'? This again may 
be due to the small sample size and the fact that 
peak and trough drug levels never reached the toxic 
range.'! 


There are two primary purposes for auditory 
threshold monitoring of patients receiving ototoxic 
drugs. The first purpose is to recognize the earliest 
threshold change possible in hopes of determining 
further loss, and the second is to identify hearing 
loss for medical-legal reasons and for rehabilitation. 
In order to detect the earliest threshold change in 
hopes of deterring further loss, super-high-frequen- 
cy auditory testing must be performed, since the 
earliest threshold changes with ototoxic drugs occur 
in the very high frequencies and are often asymp- 
tomatic.* Bedside super-high-frequency auditory 
monitoring in the very sick patient, however, cur- 
rently is not efficacious, since a reliable, quick, in- 
expensive, portable super-high-frequency audiom- 
eter is not yet available. The problem as to what 
constitutes a significant auditory threshold shift in 
these sick and difficult-to-evaluate patients is even 
greater in super-high-frequency audiometric test- 
ing than in standard monitoring. Further, since the 
initial medical indication for ototoxic drugs may 
still mandate their use and since further auditory 
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impairment may occur following cessation of oto- 
toxic drugs, such super-high-frequency testing is 
not felt to be cost-effective at this time.'” 


The mere identification of hearing loss when it 
occurs over the course of treatment for medical- 
legal purposes and for the purpose of rehabilitation 
can be accomplished in a rather cost-effective man- 
ner, although it may be difficult, at best, in the 
seriously ill patient. Fairly inexpensive portable 
audiometers now exist, and despite ambient bedside 
noise, fairly accurate baseline thresholds between 
2.000 and 8,000 Hz can be obtained pretherapy at 
the bedside in a short period of time.'? Posttherapy 
auditory thresholds can be tested under ideal cir- 
cumstances about 6 weeks after treatment in a 
sound booth with use of contemporary equipment 
for a final auditory threshold determination. To ad- 
dress the concept of hearing loss identification in 
anticipation of rehabilitation, one can postpone in- 
tratherapeutic monitoring until aural symptoms 
arise. Although it has been shown that patients' 
aural symptoms may be inaccurate in predicting the 
exact onset of sensorineural hearing loss, symptoms 
definitely should become apparent by the time re- 
habilitation becomes appropriate. Bedside monitor- 
ing after aural symptoms have developed may very 
well prove efficacious. 


SUMMARY 


Forty-four consecutive patients receiving intra- 





venous ototoxic drugs for a minimum of 8 weeks 
had pretherapy and posttherapy auditory threshold 
monitoring as well as biweekly monitoring when 
possible throughout their treatment course. Unfor- 
tunately, the results of this preliminary study repre- 
sent a complete random data scatter with no clear- 
cut ototoxicity and no highly susceptible target 
groups for ototoxicity being identified except, per- 
haps, patients with advancing age. This leaves in 
question the efficacy of routine intratherapeutic au- 
ditory threshold monitoring. In addition, the study 
has raised questions regarding clear guidelines as to 
what represents a significant intratherapeutic 
change in hearing under the adverse condition in 
which ototoxic drugs are used. While additional 
prospective studies are underway to help answer 
both of these questions, we recommend careful 
drug dosing and monitoring of peak and trough 
drug levels in all patients undergoing treatment 
with ototoxic drugs, as well as careful monitoring of 
renal function and insightful pretherapy patient 
counseling. We further recommend pretherapy au- 
ditory threshold testing, as well as auditory thresh- 
old testing 6 weeks after the completion of antibiot- 
ic therapy. Intratherapeutic auditory threshold 
monitoring should be reserved for those patients 
who are over 50 vears of age, those who have a clin- 
ical change in their aural symptoms, and those who 
have peak and trough drug levels in the toxic range. 
Monitoring is also recommended for those patients 
with poor renal function and for those who are re- 
ceiving two or more ototoxic drugs simultaneously. 
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STERNOMASTOID TUMOR OF INFANCY 


JAMES R. THOMSEN, MD 


PETER J. KOLTAI, MD 


ALBANY, NEW YORK 


Sternomastoid tumor of infancy (SMTT) is the most common cause of necx mass in the perinatal period. We present seven children 
with this disorder, six studied prospectively. Ages at presentation ranged from 1 week to 4 weeks. Five had a history of birth trauma. Tor- 
ticollis with facial asymmetry was seen in two. In six the diagnosis of SMTI was made clinically, and these patients were managed conser- 
vatively with massage and controlled stretching of the neck. Resolution of the neck mass, the torticollis, and the facial asymmetry occurred 
in all patients, Pathologic and radiographic findings are presented. We concludes that careful clinical assessment precludes the necessity of 
biopsy and emphasize the importance of conservative management of this transient problem. 


KEY WORDS — congenital torticollis, fibromastosis coli, nodular fasciit.s, sternomastoid tumor. 


Sternomastoid tumor of infancy (SMTI) is a 
unique form of perinatal fibromatosis that results in 
the formation of a hard mass within the sterno- 
cleidomastoid (SCM) muscle of the neonate. Vari- 
ously referred to as "fibromatosis coli" and “nodu- 
lar fasciitis," SMTI is grouped within the spectrum 
of disorders collectively known as "congenital mus- 
cular torticollis" (CMT). This classification stems 
from a recognized relationship between SMTI and 
the variable development of torticollis in both in- 
fancy and later childhood. Although this associa- 
tion has clinical validity, it has focused attention 
primarily on CMT, despite the fact that SMTI is the 
most common cause of a neck mass in the perinatal 
period. In keeping with the emphasis on muscular 
torticollis, the majority of information pertaining to 
this group of disorders is found in orthopedic jour- 
nals, with little emphasis in the otolaryngologic lit- 
erature. 


The purpose of this study was to evaluate our ex- 
perience in neonates presenting with SMTI, empha- 
sizing its transient nature, the importance of physi- 
cal examination in the diagnosis, and the role of 
conservative management. We also would like to 
call attention among otolaryngologists to this dis- 
order, in view of their expanding role in the care of 
problems of the head and neck. 


MATERIAL AND METHODS 


Seven infants with SMTI, seen and treated in the 
Division of Otolaryngology of Albany Medical Col- 
lege between 1983 and 1987, were included in this 
study (see Table). All patients underwent initial 
examination and follow-up by the senior author 
(P.J.K.). With the exception of the first case, all 
children were studied on a prospective basis. This 
included a careful physical examination that formed 
the basis of the diagnosis. All infants had a detailed 
birth history recorded. All children were reexam- 


ined at 1- or 2-month intervals until all signs and 
symptoms of their disease had resolved.. The chil- 
dren were treated at home by the parents with mas- 
sage of the involved SCM muscle with a topical 
ointment, as well as with controlled stretching of 
the neck on a twice-daily basis. The degree of mass 
size, torticollis, and facial asymmetry were noted 
on the initial and follow-up examinations. All seven 
patieats were followed to complete resolution of 
their lesions. 


RESULTS 


The age of onset was between 7 and 28 days. All 
sever patients were male. Two patients had SMIT 
on tke right. Four patients had SMTI on the left. 
One patient had bilateral SMTI. The neck masses 
ranged in size from 2 to 4 em. Two of the seven pa- 
tients (26%) presented with SMTI with torticollis. 
Both of these infants developed craniofacial asym- 
metrz (plagiocephaly). Six of the seven patients 
(86%) had an associated history of birth trauma. 
All seven patients had complete resolution of their 
neck masses between 8 and 36 weeks of age. The 
two children with associated torticollis had com- 
plete resolution of this. Resolution of the facial 
asymmetry followed resolution of the torticollis in 
both cases. 


CASE REPORTS 


Caze 1. A 5-week-old boy was referred to our 
clinic by his pediatrician for evaluation of bilateral 
neck masses. These had been noted shortly after the 
child’s uneventful birth, by his aunt, a family prac- 
titioner. An extensive workup was performed on the 
child prior to the referral and included cervical 
radiographs and computed tomography, as well as 
catecholamine studies to rule out neuroblastoma. 


Examination revealed a healthy child with bilat- 
eral 3- to 4-cm nontender, hard, lobulated masses at 
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SEVEN CASES OF STERNOMASTOID TUMOR OF INFANCY 


Age at 
Onset 
Case Sex (wk) Side Size Birth History 
l M 2 Bilateral 3-4cm Normal vaginal, primipa- 
rous 
2 M 3 R 2cm  Breech vaginal 
3 M 2 L 2 cm Breech presentation, C-sec- 
tion 
4 M 2 L 3cm Normal vaginal 
5 M 4 R 3cm Forceps vaginal, primipa- 
rous 
6 M 4 L 4cm Breech forceps vaginal 
7 M l L 2cm Difficult, with birth weight 
of 4 kg (9 Ib) 


Age at Resolution of 
Resolution Torticollis and 
Torticollis ^ Plagiocephaly of Tumor (wk) ` Plagiocephaly 
— — 13 Not applicable 
- — 16 Not applicable 
E E 14 Torticollis 7 mo, pla- 
giocephaly 12 mo 
— — 36 Not applicable 
+ + 28 Torticollis 7 mo, pla- 
giocephaly 13 mo 
— — 16 Not applicable 
e e 8 Not applicable 





the distal ends of both SCM muscles. These were 
poorly delineated by the plain cervical radiographs 
(Fig 1A). The CT (Fig 1B) revealed discrete solid 
masses within the body of the SCM muscle bilat- 
erally. A diagnostic ultrasound scan (Fig 1C) showed 
bilateral solid masses superficial to the great vessels 
of the neck. An open biopsy of the mass was per- 
formed for diagnosis. Findings at surgery revealed a 
fibrous mass in the distal end of the left SCM muscle 
that was white and chalky in appearance. The 
histopathology revealed diffuse fibrosis that the 
pathologist called “nodular fasciitis consistent with 
fibromatosis coli” (Fig 1D). 


Once the diagnosis was made, the child was 
started on a regimen of physical therapy that in- 
cluded twice-daily massage of the lower ends of the 
SCM muscles as well as passive stretching of the 
neck. Both masses resolved within 6 weeks of the 
biopsy. s 


This was the first case in our series and prompted 
a search of the literature regarding the problem of 
SMTI and CMT. Based on the knowledge gained 
from this case, as well as the information available 
from the literature, our study was established to 
evaluate the role of history and physical examina- 
tion in the diagnosis of SMTI, along with the value 
of conservative management for the therapy of 
these lesions. 


Case 3. A 16-day-old boy was referred to our 
clinic by our pediatric oncology colleagues for eval- 
uation of the acute onset of a mass in his left neck 
(Fig 2). He had been delivered by cesarean section 
following a difficult breech presentation. 


Examination revealed a nontender rock-hard 
mass in the middle third of the left SCM muscle, 
mobile in the horizontal direction. The child's head 
was noticeably tilted to the left. A diagnosis of 
SMTI with torticollis was made, and physical ther- 
apy was begun with twice-daily neck massage and 
passive stretching of the neck. On his monthly 
follow-up visit, craniofacial flattening also was 
noted. 


Within 3 months the SMTI resolved. At the age of 
7 months the torticollis resolved. At 1-year follow- 
up the child had full range of motion of his neck 
with no evidence of facial asymmetry. 


DISCUSSION 


The dramatic deformity of “wry neck" has been 
recognized since antiquity and has been a recurring 
historical theme of medical interest since Plutarch's 
description of Alexander the Great's neck deform- 
ity, interpreted by some as a case of torticollis.' De- 
fined as a contracture of the SCM muscle that pro- 
duces a head tilt toward the involved side with sub- 
sequent neck torsion and facial deviation, torticollis 
is the physical end point of a variety of different dis- 
orders. Although there are neurologic and inflam- 
matory causes of torticollis, the most frequent type 
results from a congenital idiopathic fibrosis within 
the SCM muscle of neonates and has been most con- 
sistently termed CMT. 


In 1826 Hensinger first described a congenital fi- 
brous tumor in the SCM muscle of neonates that has 
since come to be known as SMTI.? Subsequent au- 
thors?” have recognized it as a unique clinical en- 
tity variably associated with the development of 
torticollis. Histologically, the pictures of SMTI and 
CMT are identical, and thus much of the relevant 
information on SMTI has been grouped with CMT 
in the medical literature. This has led to some con- 
fusion in the nomenclature of these related disor- 
ders, and terms such as congenital muscular torti- 
collis, muscular torticollis, sternomastoid torticol- 
lis, fibromatosis coli, nodular fasciitis, sternomas- 
toid fibrosis, and sternomastoid tumor of infancy 
are used interchangeably. We agree with authors*® 
who advocate the term SMTI when a mass is palpa- 
ble and “muscular torticollis? when only contrac- 
ture of the SCM muscle is present. 


Generally, SMTI presents as a firm, nontender 
spindle-shaped nodule in the distal third of the SCM 
muscle in the neonate (Fig 2). The age of onset is be- 
tween 7 and 28 days, and there is usually an equal 
sex ratio. The predominance of males in our series is 
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a reflection of our small sample size. Although there 
is some variability, many series report a higher inci- 
dence of SMTI on the right side. There is no obvious 
reason why the right side should be more frequently 
involved than the left, and indeed, when the results 
of four large series®-* are totaled (250 on the right, 
224 on the left) the difference is not statistically dif- 
ferent. Bilaterality has been reported, but is con- 
sidered rare, with an incidence of 2% to 3% .? 


The natural history of both SMTI and muscular 
torticollis has been studied thoroughly. In a pro- 
spective review of 100 children, Jones? found that 
66% had SMTI and 34% had muscular torticollis 
without tumor. In half the infants with SMTI the 
muscle was normal by the age of 6 months, while in 
30% there was palpable fibrosis without contrac- 
ture. In9% the tumor persisted with resultant torti- 
collis. Coventry and Harris,’ in a retrospective 
study of 35 cases at the Mayo Clinic, found that 
SMTI disappeared at the average age of 14 weeks, 
with complete resolution in 30 of 35 cases (86%). 
Ling and Low,? in a retrospective review of 84 cases 
of SMTI, reported complete resolution in 77% of 
patients at the average age of 7 months, while 23% 
of cases progressed to torticollis. MacDonald* re- 
vie ved his personal experience with 50 infants with 
SM'1I between 1950 and 1965 in Bristol, England. 
This series is notable for its prolonged follow-up, 





Fig 1. (Case 1) A) Plain cervical radiograph demon- 
strating bilateral soft tissue masses (arrows) above 
each clavicle. B) Computed tomograph demonstrat- 
ing bilateral discrete solid soft tissue mass (arrows) 
within body of sternocleidomastoid muscle. C) Ul- 
trasound scan demonstrating solid soft tissue mass 
superficial to jugular vein. D) Photomicrograph of 
fibrous neck mass demonstrating atrophy of muscle 
fibers, surrounded by collagen fibers and fibroblasts 
(original x400). 
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with two thirds followed an average of 6 years. A 
quarter of the patients had transient torticollis that 
subsided with the tumor. Forty-three (86%) re- 
solved their tumor entirely, but of these patients, 
25% had minor but detectable asymmetry or tight- 
ness of the SCM muscle. Seven (14%) subsequently 
developed torticollis. It is apparent that SMTI is a 
transient phenomenon that can be associated with 
both temporary and permanent torticollis. The fac- 
tors that predispose a child toward long-term defor- 
mity are not obvious, since the evolution and resolu- 
tion of these lesions is highly unpredictable. 


The variable natural history of SMTI may well be 
related to its underlying pathophysiology, about 
which there is little agreement. Numerous theories 
have been proposed; however, it is questionable 





Fig 2. (Case 3) Sixteen-day-old infant with tumor of mid- 
dle third of left sternocleidomastoid muscle. 
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whether there is a single etiologic process respon- 
sible for the formation of these tumors. Both SMTI 
and muscular torticollis present with the deposition 
of fibroblasts and collagen around atrophying mus- 
cle fibers (Fig 1D). The extent and density of the 
muscle replacement varies, but it is generally more 
widespread than what would be expected of a local- 
ized tumor.’ 


The association between SMTI and breech, for- 
ceps, and primiparous births has been long recog- 
nized, and not surprisingly, difficult delivery has 
been implicated in the development of these lesions, 
As early as 1838, Stromeyer proposed that rupture 
of the SCM muscle with hematoma formation due 
to traumatic birth resulted in the fibrosis of the 
muscle.’ Subsequent studies, however, have failed 
to demonstrate significant hemosiderin deposits in- 
dicating hemorrhage.’ Other observations, such as 
SMTI following cesarean section,** the presence of 
mature fibrosis in the newborn’s neck,? and the as- 
sociation of SMTI with other congenital lesions such 
as hip dysplasia,** suggest that the development of 
SMTI is at least in some cases an intrauterine phe- 
nomenon. These have led some to speculate that it is 
prenatal fibrosis that is responsible for the difficult 
delivery, rather than the other way around. 77 


Middleton,? in 1930, was able to produce experi- 
mental muscle fibrosis by venous ligation of the sar- 
torious muscle in the dog, and he proposed that 
venous obstruction during birth was the cause of 
SCM muscle injury. This interpretation has been 
challenged by others,* who point out that venous 
obstruction during delivery is generally of instffi- 
cient duration to produce SCM muscle vascular 
stasis and subsequent fibrosis. Nevertheless, the 
demonstration that venous obstruction leads to 
muscle fibrosis is most consistent with the clinical 
picture of SMTI and can be valid without the as- 
sumption that it is caused by traumatic delivery. It 
seems plausible that muscular venous obstruction 
can be due to intrauterine positioning as well as ob- 
stetric difficulties, and the variable timing of the 
obstruction can explain the conflicting observations 
regarding the pathophysiology of SMTI. 


The occurrence of SMTI is worldwide, and its in- 
cidence is remarkably high. Coventry and Harris 
calculated an incidence of four per 1,000 births in 
Minnesota. Ling and Low? report an incidence of 
five per 10,000 births in Singapore. Assuming the 
more conservative estimate, no other cause of neck 
mass in the immediate perinatal period approaches 
such a high incidence. Moreover, the frequency of 
this disorder suggests that many otolaryngologists in 
their capacity as head and neck specialists will be 
called upon to diagnose SMTI. 


It has been stated that “the diagnosis of congeni- 
tal muscular torticollis in infancy should be readily 


made by any informed physician."" Nevertheless, 
the presence of a hard, minimally mobile neck mass 
in a newborn infant in our cancer-conscious age can 
be a source of great anxiety for both parents and 
physicians. Indeed, two of our patients were re- 
ferred to us by our pediatric oncology colleagues. 
Although Gruhn and Hurwitt,'? in their extensive 
literature review, have pointed out that there has 
never been a recorded case of a malignancy in the 
SCM muscle of a neonate, SMTI presents the clini- 
cian with the problem of differentiating this benign 
and transient problem from other, more aggressive 
neoplastic processes such as neuroblastoma, rhab- 
domyosarcoma, and fibrosarcoma. 


As an aid to diagnosis we found imaging of vari- 
able value. The plain cervical radiograph (Fig 1A) in 
one case was normal and in another poorly deline- 
ated the SMTI. The CT scan (Fig 1B) on one child 
with bilateral SMTI revealed discrete solid masses 
within the bodies of both SCM muscles. Ultrasound 
(Fig 1C) in two cases consistently showed solid mas- 
ses superficial to the great vessels of the carotid 
sheath. While imaging did not provide a definitive 
diagnosis, both CT and ultrasound accurately local- 
ized the disease to the SCM muscle, thus confirming 
the findings of the physical examination. 


Although there is an extensive differential diag- 
nosis of neck masses in children, "7 we know of no 
other entity that presents so soon after birth, with 
such anatomic specificity, and with the physical 
characteristics of SMTI. From our experience as 
well as from our review of the literature, we concur 
with other authors!” that the diagnosis of SMIT 
can be based relatively safely on knowledge of its 
natural history and clinical presentation. Biopsy 
should be reserved for cases in which there is uncer- 
tainty in the diagnosis or in which the lesion fails to 
resolve spontaneously. 


Surgical correction of torticollis by tenomyotomy 
has been practiced for two millennia.’ However, 
the traditional treatment of SMTI has been observa- 
tion in conjunction with conservative measures of 
massage and passive stretching of the neck, on the 
basis of the finding that 80% of these lesions spon- 
taneously regress.°’-'° Some surgeons familiar with 
the long-term problems in the remaining 20% , such 
as torticollis and facial asymmetry, have favored 
early excision of SMTI.* However, it remains to be 
shown that prophylactic excision will prevent fixed 
skeletal deformities from occurring. Based on the 
available evidence, we believe that the early man- 
agement of SMTI should be observation. The value 
of conservative manipulation of the involved muscle 
has never been studied objectively, but is concep- 
tually appealing. From our observation, massage 
with an emollient cream and passive gentle stretch- 
ing provides the parents a valuable opportunity to 
participate actively in the care of their infant and 
contributes to parental bonding in this formative 
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period, and we highly recommend these simple 
measures. 


In summary, SMTI is a unique form of fibrosis of 
the SCM muscle of newborns and is the most com- 
mon cause of neck mass in the perinatal period. It 
presents as a hard, nontender mass in the distal 
third of the infant’s SCM muscle, generally between 
1 and 4 weeks of age. It can be associated variably 


with birth trauma; however, whether it is the cause 
or the result of this trauma remains to be proved. It 
is associated variably with muscular torticollis and 
craniofacial asymmetry, and although these resolve 
in the majority of cases, a small percentage of pa- 
tients will develop fixed deformities. The diagnosis 
of this benign disorder is based on its clinical recog- 
nition and should be managed with simple physio- 
therapy and observation. 
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DURATION AND FREQUENCY CHARACTERISTICS OF 
TRACHEOESOPHAGEAL SPEECH 


REBEKAH H. PINDZOLA, PHD 


AUBURN, ALABAMA 


BLANCHE H. CAIN, MS 


ATLANTA, GEORGIA 


Selected characteristics were compared in the speech of five tracheoesophageal, five esophageal, and 15 normal laryngeal adult 
speakers. Tape-recorded speech samples were measured for durational features with a stopwatch. Frequency features were analyzed with 
a Visi-Pitch/Apple IIE computer interface with statistical subroutines. Tracheoesophageal speech proved comparable to normal speech in 
maximum phonation time, speech rate, pitch pertubation (jitter), average fundamental frequency, and fundamental frequency range, but 
less efficient than normal speech in phrase grouping. Tracheoesophageal speech was superior to esophageal speech in maximum phonation 
time, speech rate, and phrase grouping, but not significantly different in pitch perturbation, average fundamental frequency, and fun- 
damental frequency range. Explanations and clinical implications of these findings are discussed. 


KEY WORDS — esophageal speech, laryngectomee, speech therapy, tracheoesophageal speech. 


INTRODUCTION 


The tracheoesophageal (T-E) puncture technique 
for laryngectomees has become a popular medical 
procedure over the past decade. This popularity 
may be attributed to its surgical simplicity and the 
practical benefits afforded the patient. These in- 
clude a decreased danger of aspiration, the use of 
pulmonary-supported air for speech, and a rapid 
recovery of speech in lieu of a lengthy, traditional 
vocal rehabilitation program. 


While much research has compared acoustic 
characteristics of esophageal and artificial larynx 
speech, little has been written on T-E speech char- 
acteristics apart from a single investigation.’ 
Esophageal speakers are able to phonate over a 
wide range of discrete frequencies,** yet it is not 
known conclusively? to what extent they use pitch 
variability in connected speech. Such information 
on the dynamic control of frequency in T-E speech 
also is warranted. Gandour and Weinberg? have 
shown that esophageal and T-E speakers are per- 
ceived by listeners to achieve intonational contrasts. 
It is desirable, both clinically and scientifically, to 
know objective acoustic measures that may relate to 
perceived characteristics of alaryngeal speech. The 
present study, then, analyzed certain duration and 
frequency features of T-E speech to independently 
add to existing data' ^; yet subjects in the present 
study used the newer low resistance devices avail- 
able on the market today. Measures also were made 
on esophageal and normal laryngeal speech for 
comparison purposes. 


METHODS 


Tracheoesophageal, esophageal, and normal la- 
ryngeal forms of speech were compared on six 
measures: maximum phonation time, speech rate, 
phrase grouping, relative average perturbation, av- 


erage fundamental frequency, and fundamental 
frequency range. Subjects were volunteers from 
area clubs sanctioned by the International Associa- 
tion of Laryngectomees. The five T-E, five esopha- 
geal, and 15 normal speakers ranged in age from 50 
to 75; subjects were matched for age (within 5 
years) and balanced for sex (one of every five was 
female). Table 1 summarizes background informa- 
tion of alaryngeal subjects regarding sex, age, level 
of education, time elapsed since laryngectomy, and 
history of alaryngeal speech treatment. All T-E sub- 
jects wore the Blom-Singer T-E prosthesis, and four 
of the five also used a tracheostoma valve. Subjects 
were individually tape-recorded (Tascam 22-2 reel- 
to-reel) while performing a standard order of tasks. 
Speech samples included maximum prolongation of 
the vowel /a/ (two trials given), reading aloud a 
monosyllabic word list (50 words selected from the 
Black and Haggen Tests of Intelligibility?), reading 
aloud the 98-word Rainbow Passage, and con- 
versing with the investigator about employment 
and/or hobbies. 


Three durational measures were of interest. The 
two recorded attempts to maximally prolong the 
vowel /a/ were measured with a digital, sprint-style 
stopwatch (Delta Impex, 1052p). The trial with the 
longest duration was taken as the subject's maxi- 
mum phonation time, a measure that infers ade- 
quacy of air support for speech. The time needed to 
read the prose passage was measured with a stop- 
watch; speech rate was extrapolated as words read 
per minute (wpm). Breaths or air charges were 
marked by listening and observing as each subject 
read aloud. The number of words per breath or 
charge were counted and then averaged for each 
speaker; this measure was termed phrase grouping. 


Three frequency measures were of interest. The 
second sentence of the passage was analyzed to find 
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TABLE 1. BACKCROUND INFORMATION ON 
ALARYNGEAL SUBJECTS 


Time Since " 
ectomy reatment 
Subject Sex Age Education yr) History 
Tracheoesophageal* 
T-1 M 61 High school 1.9 None 
T-2 M 60 PhD 2.8 None 
T-3 F 52  Somecollege 10.3 Negligible 
T-4 M 62 High school 11.1 None 
T-5 M 66 High school 3.6 Negligible 
Esophageal 
E-1 M 72 High school 5.0 1 yr 
E-2 M 70 High school 13.0 l yr 
E-3 F 70 College 1.4 H mo 
E-4 M 75 College 17.7 3 mo 
E-5 M 53 High school 1.2 3 mo 
*Blom-Singer prosthesis. 


the average fundamental frequency of the glottis or 


pseudoglottis. A Visi-Pitch/Apple ILE computer in- 
terface (Kay Elemetrics, 6096) with statistical sub- 
routines performed this frequency analysis. In this 
program, average fundamental frequency is calcu- 
lated from the number of glottal pulses per unit 
time. Pitch variability, or fundamental frequency 


range. was determined from the same sample by use 
of the Visi-Pitch system. The range represents the 
fundamental minimal-maximal difference. Jitter, 
the czcle-to-cycle variation in fundamental fre- 
quency, was analyzed with the Visi-Pitch subrou- 
tine by use of Koike's Formula 19 These values of 
relative average pitch perturbation were extracted 
from the midpoint of the sustained vowel to mini- 
mize effects of voice initiation and termination. The 
vowel /a/ was used because of its sensitivity for jit- 
ter." 


RESULTS 


Subject data are summarized in Table 2. The 
one-wey, completely randomized analysis of vari- 
ance was used for each comparison across the three 
groups of subjects. Interjudge reliabilities’ were 
established for the noncomputerized duration mea- 
sures and found to be between 87% and 100% for 
all speakers prolonging the vowels, 96% to 100% 
for spe»ch rate, and 79% to 100% for the phrase 
grouping measure. When agreement between the 
two jucges was less than 100 % , the mean of the two 
measurss was used for further analyses. 


TABLE 2. DATA FROM INDIVIDUAL SUBJECTS FOR STUDY MEASURES 


of /a/ ` R iud 

a ate 

Subject (s) wpm) (No. of Words) 

Tracheoesophageal 

-l 21.04 176.5 8.00 

T-2 15.51 163.3 9.80 
T-3* 8.27 134.2 8.10 
T-4 12.57 137.1 7.90 
T-51 23.75 150.0 6.70 
Average 16.35 152.2 8.10 

Esophageal 
E-1 2.32 107.6 4.00 
E-2 2.64 77.9 4,50 
E-3* 1.44 77.8 2.40 
E- 1.06 132.0 3.30 
E-5 1.08 73.5 3.60 
Average 1.83 93.8 3.58 

Normal 
N-1 19.20 184.0 15.10 
N-2 26.62 155.0 10.80 
N-3* 21.58 120.0 13.40 
NA 38.36 147.0 10.80 
NS 27.89 125.0 12.00 
N-6 29.00 178.0 11.80 
N-7 20.92 151.0 12.50 
N-8* 22.60 168.0 10.90 
N-8 28.18 143.0 14.00 
N-10 19.85 173.0 10.00 
N-11 20.30 173.0 11.20 
N-12 21.44 118.0 13.70 
N-13” 24.40 168.0 12.20 
N-14 18.66 189.5 13.10 
N-15 30.53 189.8 11.00 
Average 24.90 158.8 12.17 

wpm — words per minute 
*Female subjects. 


tSubject without tracheostoma valve. 


Pertt.rbation Fundamental Frequency 
o /a/ die Lie Range 
(%) (Hz) (Hz 
5.12 136.6 151.3 
5.79 73.5 154.0 
3.63 158.4 302.7 
2.60 88.4 101.0 

* 0,83 81.8 139.0 
e bü 107.7 169.6 
T 89.7 118.6 

1C.97 81.2 152.1 
4.04 100.0 251.5 
4.53 80.4 153.6 
11.13 69.1 209.5 
7.65 84.1 177.1 
215 92.0 81.0 
2.38 108.0 111.0 
3 35 174.0 213.0 
2 39 101.0 95.0 
3-48 127.0 133.0 
110 118.0 116.0 
1.11 113.0 108.0 
0-77 204.0 167.0 
0.47 109.0 122.0 
3.59 104.0 93.0 
1.19 102.0 83.0 
0.37 121.0 161.0 
0.37 229.0 155.0 
4.34 120.4 149.5 
1,34 106.1 143.8 
2.93 128.4 128.8 
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Maximum Phonation Time. The maximum dura- 
tion with which the vowel /a/ could be sustained 
differed significantly among esophageal, T-E, and 
normal subjects (F=36.89, p«.01). Normal 
speakers averaged a maximum duration of 24.90 
seconds (SD = 5.4), whereas T-E speakers averaged 
16.35 (SD=5.71), and esophageal speakers only 
1.83 seconds (SD = 0.57). Post hoc testing using the 
Newman Keuls procedure showed that normal 
speakers were able to prolong the vowel /a/ signifi- 
cantly longer than esophageal speakers (p«.01). 
The T-E speakers also were significantly better at 
extending phonation than esophageal speakers 
(p« .01); T-E and normal speakers were not signif- 
icantly different (p » .05). 


Speech Rate. A significant difference was found 
in rate of speaking, during reading, of the three 
groups (F= 14.79, p<.01). Normal speakers (x = 
158.8 wpm, SD= 23.5) averaged six wpm faster 
than T-E speakers (x = 152.2 wpm, SD = 15.9); this 
difference, however, was not significant (p> .05). 
Normal speakers were more than 65 wpm faster 
than esophageal speakers (x=93.8 wpm, SD= 
22.7), and this difference was significant (p< .01). 
The T-E speakers were significantly faster (p « .01) 
than the esophageal speakers, and this rate differ- 
ence was in excess of 58 wpm. 


Phrase Grouping. A significant difference was 
found among the three groups for number of words 
spoken per breath or charge of air (F = 87.64, 
p«.01). Post hoc testing revealed that all three 
groups were significantly different from each other 
(p«.01). The T-E speakers (x28.10; SD = Q.99) 
averaged nearly five words per breath more than 
the esophageal speakers (x = 3.56, SD = 0.71); this 
difference was even greater for the normal speakers 
(x = 12.17, SD = 1.39), who averaged nearly nine 
words more than their esophageal counterparts. 
Normal speakers were superior to T-E speakers by 
more than four words per breath. 


Relative Average Perturbation. A significant dif- 
ference was found among the three groups for rela- 
tive average perturbation of /a/ (F = 11.32, p< .01). 
Post hoc testing revealed significant differences only 
between normal and esophageal speakers (p « .01). 
Average perturbations of /a/ for the normal group 
(x 2 2.0396, SD 2 1.27) were not significantly less 
than perturbations in the T-E group (x= 4.59%, 
SD =3.17, p>.05). Likewise, the T-E group did 
not display significantly less jitter than the esopha- 
geal group (x=7.65%, SD=3.03, p>.05). Both 
T-E and esophageal groups exhibited large vari- 
ability of pseudoglottal jitter. 


Average Fundamental Frequency. No significant 
differences were found in the average fundamental 
frequencies of the three speaker groups at the .05 
level. The fundamental frequency of normal speak- 
ers (x= 128.4 Hz, SD=39.3) was slightly higher 


than that of the T-E speakers (x = 107.7 Hz, SD= 
33.5). Both normal and T-E speakers displayed 
great variability in this measure; in particular, the 
data of two T-E subjects skew the average toward 
the high end. Esophageal speech averaged the low- 
est frequency level (x= 84.1 Hz, SD = 10.3), al- 
though it was not significantly lower than the other 
groups. 


Fundamental Frequency Range. The ranges of 
vocal fundamental frequency used during con- 
nected speech were not significantly different 
among the three groups. The similarity of these 
ranges is evident, with normal speakers averaging 
128.8 Hz (SD=35.3), T-E speakers 169.6 Hz 
(SD = 69.2), and esophageal speakers 177.1 Hz 
(SD = 47.3). 


DISCUSSION 


Data on maximum phonation time of the vowel 
show that normal speakers could prolong phonation 
in excess of 24 seconds, T-E speakers about 16 
seconds, and esophageal speakers less than 2 
seconds. These results compare closely with the 22-, 
12-, and 2-second values reported by Robbins et 
al'-* for normal, T-E, and esophageal speakers, re- 
spectively. However, others?" "7 found longer vowel 
duration times, on the order of 5 to 6 seconds, for 
esophageal speakers. Proficiency of esophageal 
speakers in various studies may account for these 
discrepancies. That T-E speakers and normal 
speakers obtained longer vowel duration times than 
esophageal speakers is not surprising because of 
their pulmonary air utilization. However, the mag- 
nitude of difference between the normal and T-E 
speakers is of interest, since both are pulmonary- 
supported speech forms. The resistance provided by 
the puncture prosthesis can account only partly for 
this difference. Further decrements in air expen- 
diture may be explained by the usage of a Singer- 
Blom tracheostoma valve by the majority of T-E 
speakers in this study. The tracheostoma valve may 
create an even greater resistance than the prosthesis 
alone, causing the T-E speakers to expend more air. 
This results in pulmonary air being depleted 
quicker, and thus phonation can be prolonged for a 
shorter period of time. 


The normal group and the T-E group demon- 
strated a significantly faster speech rate, 159 and 
152 wpm, respectively, than did esophageal 
speakers at 94 wpm. These results agree quite well 
with those of previous research.'?* Both normal 
and T-E speakers utilize pulmonary air for speech. 
It therefore is logical that speech rates would not 
differ significantly, and this was found to be the 
case in the present data. As for esophageal speakers, 
their rate inefficiency can be attributed to the in- 
creased pause time needed to insufflate the pseudo- 
glottis. 


Phrase grouping results found the normal and 
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T-E speakers to have significantly more words per 
breath than the esophageal speakers. This may be 
explained by the utilization of pulmonary air in 
both normal and T-E speech. The amount of air 
that can be injected and momentarily stored in the 
esophagus is considerably less than the amount 
taken into the lungs and airway by normal and T-E 
speakers. Hence, esophageal speakers have less air 
on which to speak, so they must pause more fre- 
quently to replenish speech air. A significant dif- 
ference also was found between normal and T-E 
speakers, despite the use of pulmonary air by both. 
Perhaps this difference of about four words per 
breath can be explained three ways. First, the pros- 
thesis worn in the T-E site provides airway re- 
sistance greater than that found in normal voice 
tracts. D This is true no matter what model or brand 
of device is worn. À second source of airway re- 
sistance comes from the use of a tracheostoma 
valve, which most subjects wore. Additionally, it 
may be posited that as valves age, their plastic be- 
comes brittle and further increases resistance during 
speech. Such increased resistance may cause T-E 
speakers to use more effort, possibly even more air, 
to get their speech out. This would allow for fewer 
words per breath. 


Regarding phrase grouping, the present data 
compare favorably with values cited in the litera- 
ture. The average for the normal speakers of 12.17 
words per breath was similar to Snidecor and 
Curry's? result of 12.5 words per breath for normal 
speakers, but was higher than the 9.8 words per 
breath found by Robbins et al.^* Snidecor and 
Curry? found a range of 2.8 to 6.3 words per charge 
for esophageal speakers, and Robbins et al?^^* found 
esophageal speakers to have an average of 3.0 words 
per charge. The average of 3.56 words per charge 
found in the present study agrees well. The number 
of words spoken per breath of air by the T-E sub- 
jects averaged 8.10, which is similar to the 7.2 
words per breath cited in the literature.?* 


Results of the relative average perturbation data 
on /a/ were surprising in that only esophageal 
speech differed significantly from normal speech. 
Previous investigations"? show large differences in 
perturbation among all three groups of speakers, 
yet different methods of analysis and expressions of 
jitter were used. As stated by Horii,'* special cau- 
tion is necessary in comparing data or performance 
values from various analysis methods. Steinsapir et 
al'5 demonstrated that different. instruments (such 
as the Visi-Pitch and the PM300 Pitch Analyzer) 
generate different jitter values even when mea- 
suring the same sample. More importantly for this 
investigation, they demonstrated high intrajudge 
and interjudge reliability when using taped samples 
with the Visi-Pitch. 


No difference was found in fundamental fre- 
quency among the three groups of speakers. Aver- 


age fundamental frequencies of previously reported 
esophageal data are close to the average fundamen- 
tal frequency of esophageal speakers found in this 
study. Specifically, the present average of 84 Hz is 
in perfect agreement with Shipp” and only slightly 
higher than the 72 to 77 Hz reported by others. *? 
The T-E speakers in this study had an average fun- 
damental frequency of 108 Hz, which compares 
favorebly with the fundamental frequency of T-E 
speakers cited in the literature, especially the 102 
Hz resorted by Robbins et al "7 The fundamental 
frequency of normal speakers at 128 Hz is compar- 
able with that from other research.!* 


Although no significant differences were found 
among the three groups for fundamental frequency 
range during connected speech, the normal 
speakers averaged the smallest frequency range, 129 
Hz. The T-E speakers had a group average range of 
170 Hz. However, as seen in Table 2, the majority 
of T-E speakers had individual ranges of 150 Hz or 
less. One speaker (who exhibited some diplophonia, 
in the opinion of the investigator) had a range of 
303 Hz, which brought the group average up con- 
siderably. The esophageal ers also had an 
average range of 177 Hz, which was higher than ex- 
pected. Although the topic has not been frequently 
studied, Filter and Hyman’ report pitch variability 
of esophageal speech to be about 80 Hz. The present 
finding of no significant differences among the 
three groups lends support to the findings of Gan- 
dour and Weinberg.* Frequency variability prob- 
ably was produced equally well by normal, esoph- 
ageal, and T-E speakers, since listeners perceived 
intenetional contrasts effectively in all three 
groups. 

CONCLUSIONS 


The duration and frequency characteristics of 
alaryngeal speech found in this study lend credence 
to data previously published. Responsible patient 
counseling by laryngologists and speech patholo- 
gists should include a discussion of speech charac- 
teristics. Both patients and speech pathologists can 
use such normative data in setting rehabilitation 
goals end in comparing a patient’s speech to that of 
peers. Deficit areas may be identified and practiced 
more strenuously in therapy. By shaping of such 
dree ee listeners’ perceptions may be 

ect 4 


The specific duration and frequency characteris- 
tics measured in this study, on a limited number of 
subjec-s, yield the following statements. Tracheo- 
esophegeal speakers prolong phonation an average 
of about 16 seconds, ie, not as long as normal 
speakers but significantly longer than the 2 seconds 
of most esophageal speakers. Tracheoesophageal 
speakers, because they use pulmonary air, can talk 
at rates comparable to normal. Esophageal speak- 
ers razes average a slower 94 wpm because of the 
time involved in insufflating the pseudoglottis. This 
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same air charge is sufficient for only three to four 
words. Tracheoesophageal speakers, using lung air, 
can say about eight words per breath, or four words 
fewer than normal. This decrement is probably due 
to the resistance of the prosthetic device(s). 
Esophageal speech exhibits significantly more jitter 
than normal speech. Tracheoesophageal speech ex- 
hibits pitch perturbation values between those of 
esophageal and normal speech, making it not sig- 


nificantly different from either speech method. The 
measures of average fundamental frequency and 
fundamental frequency range were comparable be- 
tween normal, T-E, and esophageal speakers. This 
suggests that alaryngeal speakers can attain fre- 
quency parameters not too unlike those of normal 
speech. These findings are supported in some of the 
literature, yet warrant further acoustic and percep- 
tual verification. 
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As part of a program to determine the feasibility of a CNS auditory prosthesis, the tissue reaction to electrodes chronically implanted 
in the cochlear nucleus (CN) of the guinea pig was examined. Varied open operative approaches and microelectrode designs were utilized. 
Silicon substrate thin film and platinum-iridium wire electrodes, tethered and untethered, were placed successfully in different divisions of 
the CN. Implantation through a posterior suboccipital approach was most successful. Histologic examinations demonstrated a glial cell 
proliferation confined to the area of the electrode track that never exceeded 15 vm in width. No neuronal loss or significant effect on cell 
morphology was seen, and reactive cells were absent. Electrode migration was apparent in a minority of animal preparations. Although 
potential problems were identified, our findings lend support to the feasibility of implanting a neuroprosthesis in the CN and have helped 
to establish methods for future studies of chronic intranuclear stimulation. | 


KEY WORDS — auditory prosthesis, chronic implantation, cochlear nucleus, implant. 


INTRODUCTION 


Applications of neuroprosthetic stimulation for 
rehabilitation of the profoundly deaf have under- 
gone considerable development over the past two 
decades. Cochlear implantation continues to gain 
acceptance as a means of facilitating environmental 
and speech sound processing. Successful use of a 
standard cochlear implant requires the presence of 
at least some viable auditory nerve fibers, as well as 
an intact cochlea with an implantable scala tym- 
pani. This approach is often not applicable to deaf- 
ened individuals who lack these components of the 
peripheral auditory system. This may result from 
bilateral surgical ablation of the auditory nerves for 
tumor removal or from otic capsule dysgenesis. 


Clinical observations at the House Ear Institute!" 
have suggested that prosthetic stimulation of the 
cochlear nucleus (CN) surface is capable of pro- 
ducing auditory sensations. The present animal 
study examines the feasibility and safety of implant- 
ing the CN with a penetrating electrode. Theoreti- 
cally, a penetrating electrode with multiple stimu- 
lation sites could selectively activate spatially sepa- 
rated neurons. This would provide the potential for 
differential stimulation of neuronal subpopulations 
providing pitch discrimination. 


Penetrating microelectrodes of two designs were 
examined in the guinea pig model. One of these de- 
signs permitted monitoring electrophysiologic re- 
sponses intraoperatively in order to determine the 
accuracy of microelectrode placement. Operative 
exposure of the CN and animal tolerance of CN im- 


plantation were tested by use of transbullar (TB) 
and suboccipital (SO) approaches. Histologic assess- 
ment was performed to determine tissue tolerance 
of untethered and lead-tethered electrodes in the 
CN region of the pontomedullary brain stem. 


METHODS 


Electrodes. Biocompatibility of microelectrodes 
of two designs was tested in 18 animal preparations. 


1. Multichannel probes with five contacts were 
fabricated from a micromachined silicon substrate 
(Fig 1A). This substrate supports an array of thin- 
film polysilicon conductors that are insulated above 
and below by deposited silicon-oxide and silicon- 
nitride layers. Conductors at the stimulating sites 
and bond pad areas remain exposed. Untethered 
(n= 6) and lead-tethered (n = 6) Si probes were im-. 
planted. Tethered Si probes were anchored to the 
skull surface with a connecting flexible lead made of 
2.54-um platinum-10% iridium (Pt-10% Ir) alloy 
Teflon-coated wire. 


2. Single-channel bipolar microelectrodes were 
fabricated with 7.62-um Pt-10% Ir Teflon-coated 
wire. A flexible lead made of 2.54-um Pt-10% Ir 
Teflon-coated wire connected the electrode with a 
percutaneous plug (Fig 1B). The percutaneous plug 
provided connection to an external current source. 
Control (n = 3) and stimulating (n = 3) electrodes of 
this design were implanted in the CN. 


Operative Placement. Experiments were conducted 
in 18 pigmented guinea pigs, weighing 200 to 450 g, 


From the Department of Otolaryngology, Kresge Hearing Research Institute (Niparko, Altschuler, Wiler), and the Bioelectrical Sciences Laboratory, 
Department of Electrical Engineering (Xue, Anderson), University of Michigan, Ann Arbor. Supported by National Institutes of Health research con- 
tract NOI NS 5 2387. This study was performed in accordance with the PHS Policy on Humane Care and Use of Laboratory Animals, the NIH Guide for 
the Care and Use of Laboratory Animals, and the Anima] Welfare Act (7 U.S.C. et seq.); the animal use protocol was approved by the Institutional 
Animal Care and Use Committee (IACUC) of the University of Michigan, Ann Arbor. 


REPRINTS — John Niparko, MD, Dept of Otolaryngology, University of Michigan, Box 0312, 1500 E Medical Center Dr, Ann Arbor, MI 48109. 
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Fig 1. Microelectrodes. A) Multichannel probe with five contacts fabricated 
from micromachined silicon substrate. B) Single-channel bipolar Pt-10% Ir / 


electrode with Pt-10% Ir lead connecting to percutaneous plug. 


with active Prever's reflex. Preoperative antibiotics 
(chloramphenicol, 1 mg/kg) and steroids (dexameth- 
asone sodium phosphate, 0.1 mg/kg) were adminis- 
tered intramuscularly. This single dose of steroid 
was given to minimize brain stem edema from oper- 
ative manipulation and electrode penetration. 
Guinea pigs were anesthetized with ketamine hy- 
drochloride (20 mg/kg) and xylazine (0.2 mg/kg) in- 


tramuscularly for operative implantation. 


The CN implantation was accomplished through 
a TB (n7 6) or SO (n= 12) approach. The TB ap- 
proach entailed opening the dorsal bulla to expose 
the labyrinth. The vestibular labyrinth was drilled 
out to open the internal auditory canal and expose 
the cochleovestibular nerve. The cochleovestibular 
nerve was followed medially to its brain stem inser- 
tion, and the cochlear division was identified inferi- 
or to the vestibular division and caudal to the facial 
nerve. Microelectrodes were inserted 1 to 2 mm dor- 
somedial to the insertion of the cochlear division of 
the cochleovestibular nerve. 


The SO approach entailed an occipitoparietal 
craniotomy lateral to the sagittal crest that exposed 
the floccular lobe and lateral cortex of the cerebel- 
lum. Medial retraction of the floccular lobe exposed 
the insertion of the cochleovestibular nerve. As with 
the TB approach, microelectrodes were inserted 1 
to 2 mm dorsomedial to the cochlear nerve inser- 
tion. 


To test the effects of tethering electrodes to the 
skull, a connecting Pt-10% Ir insulated wire was 
cemented to the skull surface with dental acrylic. 


Electrophysiology. In three preparations, Pt- 
10% Ir single-channel electrodes were activated at 
the time of implantation. Prior to brain stem im- 
plantation, animals in this group received acoustic 
stimulation with broadband clicks at 107 dB sound 
pressure level at a rate of 100/s to establish the 
acoustically evoked response. Evoked potentials 
were recorded by use of an active recording screw 
electrode in the skull placed 1 cm lateral to the 
bregma on the side opposite the stimulated ear. Nape 
of neck and lower limb leads served as reference 
and ground electrodes, respectively. The resulting 





potential was amplified with a Grass P-15 preamp- 
lifier and a second-stage amplifier. The signal was 
averaged with a Modular Instruments Inc (MI?) 
M202 Analog Input Module interfaced with an AT 
class computer. 


During the electrode implantation procedure, 
far-field responses to direct stimulation were moni- 
tored similarly. A 150-~C/cm? real/phase charge- 
balanced biphasic pulse of 550 us duration (200-,s 
activation pulse with a 350-ys charge-balancing 
pulse) was delivered at a rate of 20/s. Two hundred 
samples of 50 ms were used to obtain the average. 


The baseline acoustic response and the electrical 
response with direct CN stimulation are shown in 
Fig 2. The acoustically derived response is compar- 
able to the middle latency response (MLR). This re- 
sponse is of particular interest to us because, unlike 
the auditory brain stem response, its long latency of 
onset (10 to 50 ms) permits separation from the 
stimulus artifact. 


Specimen Preparation. Three to 4 weeks after im- 
plantation the guinea pigs were heavily anesthe- 
tized with chloral hydrate and fixed via cardiac per- 
fusion with phosphate buffer followed by 4% para- 
formaldehyde and 0.1% glutaraldehyde in phos- 
phate buffer. Animals then were decapitated pain- 
lessly and the head was immersed in the fixative for 
approximately 24 hours. The cranium was opened 


AMPLITUDE 
(volts) 





0 10 20 30 40 50 60 70 80 
TIME (msecs) 


Fig 2. Comparison between acoustically and electrically 
evoked middle latency responses. Acoustic response was 
evoked by broadband clicks at 107 dB. Electrical response 
was evoked with stimulus intensity of 150 pA. 
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Fig 3. Postmortem specimen demonstrating Pt-10% Ir 
electrode embedded in floccular lobe of cerebellum (Fl) 
with electrode terminus lateral to cochlear nucleus (CN). 


and the position of electrodes carefully noted in 
order to determine if gross migration had occurred. 
The brain stem was removed and when possible the 
electrode was left in place. The condition of the im- 
plant and the tissue surrounding the implant was 
assessed, The brain stem then was sectioned with a 
vibrating microtome (Vibratome). Sixty-micron se- 
rial sections were cut in a frontal plane, mounted on 
glass slides, and stained with cresyl violet. This 
stain was chosen in order to label and identify neu- 
rons. In one case, the electrode was not fully re- 
moved, but passed through the entire tissue-proces- 
sing sequence and remained in one of the tissue sec- 
tions. Sections then were examined under bright- 
field and differential interference contrast (Nomar- 
ski) optics. 


A comparison of cell density between the im- 
planted and nonimplanted CNs was performed by 
use of a morphometric work station consisting of an 
MTI Precision 81 camera and monitor on a Leitz 
Dialux photomicroscope mixed with an Altek Data- 
tab high resolution monochrome graphics card and 
an AST AT class computer. The section of the CN 
containing the electrode track or the comparable 
division from the contralateral side was imaged on 
the monitor and its area calculated by tracing its 
outlines. The number of cells within the defined 
area then was counted with the focus adjusted to 
make sure all neurons containing nuclei were 
counted in the 60-um section. Since the total area of 
the implanted side was less because of the space oc- 
cupied by the electrode track, the comparison was 
made of density, not total number of neurons per 
section. Cell density measurements obtained with 
this method are computer-generated comparative 
figures. To determine if an effect was localized spe- 
cifically to the area adjacent to the electrode track, 
density was determined also for an area whose 
lower boundary was demarcated by the superior 


margin of the electrode track (or a continuation 
thereof) and whose dorsal limit was a line parallel 
and 100 um superior to the superior margin of the 
electrode track. 


RESULTS 


Tolerance of Implant Procedure. Results ob- 
tained in the initial phase of this project demon- 
strated poor tolerance of the TB approach to CN 
implantation. Three of six animals implanted 
through the TB approach died. All three animals 
demonstrated depressed activity levels postopera- 
tively and died within 48 hours of operation. 
Twelve animals were implanted by the SO ap- 
proach to the CN. Only one mortality resulted from 
this procedure. 


In most cases, surviving animals implanted 
through either the TB or SO approach demon- 
strated gait ataxia and dysmetria of the head when 
attempting to feed for 24 to 48 hours following op- 
eration. These adverse findings subsequently disap- 
peared. Both the TB and SO approaches afforded 
adequate exposure of the CN target. 


Response to Electrical Stimulation. Stimulation 
of the implanted electrode was performed in three 
animals receiving the single-channel Pt-10% Ir im- 
plant. During stimulus trials no adventitious motor 
responses were elicited. Facial and limb movement, 
mandibular excursion, nystagmus, and changes in 
respiratory patterns were absent during periods of 
stimulation. 


Far-field recordings demonstrated no response to 
stimulation when the electrode terminus was placed 
on adjacent bone or cerebellum. Following place- 
ment of the electrode into the CN under microscop- 
ic visualization, recordings demonstrated multiple 
peaked waveforms. Monitored responses varied in 
morphology with depth of electrode penetration. A 
comparison of electrically evoked MLR with CN 
stimulation and auditory evoked MLRs is seen in 
Fig 2. Electrically derived responses demonstrated 
shorter latencies than did acoustic responses. 


POSTMORTEM ANALYSIS AND 
HISTOLOGIC RESPONSE 


Electrode Placement. Evidence suggesting elec- 
trode migration was noted in three animals im- 
planted with microelectrodes (one untethered and 
two tethered preparations). The migration ap- 
peared to be in a lateral direction (Fig 3) in these 
animals. 


Histologic assessment revealed tissue tracks 
through the CN with both multichannel Si substrate 
and single-channel Pt-10% Ir microelectrodes. 
Tracks were seen in all divisions of the CN, pre- 
dominantly in the ventral CN. In the majority of 
preparations the electrode tracks were confined to 
the CN, although in two cases, the tracks demon- 
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strated deep penetration with passage into the in- 
ferior cerebellar peduncle or vestibular tract. Con- 
sistently, placement in the CN was achieved in the 
group of three animals in which intraoperative 
monitoring was available. Overall, 11 of 14 sur- 
viving animals showed electrode tracks in the CN. 


Tissue Reaction. In five animals with successful 
placement of the untethered Si substrate electrode 
in the CN, a thin rim of fibrous tissue with some 
glial proliferation, never exceeding 15 vm. was seen 
along the electrode track. No glial proliferation be- 
yond the immediate area of the electrode track was 
evident. Inflammatory cell migration adjacent to 
the electrode track was absent in all preparations 
regardless of electrode material. Histologic evalua- 
tion demonstrated no signs suggestive of neuronal 
damage such as shrinkage, increased staining densi- 
ty, or vacuolization (Fig 4). The results in three ani- 
mals with tethered Si substrate electrodes were sim- 
ilar. In three guinea pigs with successful CN place- 
ment of tethered Pt-10% Ir electrodes there was a 
thin rim of fibrous tissue along the electrode track, 
never exceeding 15 um in width (Figs 4 and 5). The 
tissue adjacent to the electrode track demonstrated 
excellent cell preservation and no reactive cellular 
infiltration. Tissue reaction therefore varied little 
with the type of electrode implanted or with elec- 
trode tethering to the skull and was judged to be 
minimal. 


The density of cells in implanted CNs in both 
whole sections and the region adjacent to the elec- 
trode track was within a 10% variation of the cell 
density in the unimplanted side. Neuronal density 
in preparations implanted with tethered electrodes 
was similarly consistent with that seen in unim- 
planted CNs (variation <10%). There was there- 
fore considered to be no substantial loss of neurons 
in the CN adjacent to the electrode, except perhaps 
for those in the actual site of the electrode track. 


DISCUSSION 


The major synaptic centers within the ascending 


Fig 4. Sixty-micron section through cochlear 
nucleus containing silicon substrate electrode. 
Note minimal tissue reaction. Bar — 50 pm. 


central auditory pathway are the CN, superior oli- 
vary complex, inferior colliculus, medial geniculate 
body, and auditory cortex. Neuroprosthetic stimu- 
lation of several of these areas has been studied with 
varied approaches. Previous studies have examined 
the feasibility and usefulness of stimulation of the 
auditory cortex,*'5 inferior colliculus,’ and CN sur- 
face'~* to effect audition. 


The primary auditory cortex is located on the 
transverse temporal gyrus (gyrus of Heschl) on the 
dorsal surface of the superior temporal convolution. 
Surgical exposure of this area is hampered by its lo- 
cation deep within the floor of the lateral sulcus ad- 
jacent to the middle cerebral artery. The relatively 
large surface area of the auditory cortex also limits 
the usefulness of this site for implantation. Intra- 
operative stimulation of cortical sites has demon- 
strated that perceived sounds are monotonous and 
devoid of dynamic qualities.*® 


The inferior colliculus lies on the dorsal surface of 
the midbrain. Intraoperative stimulation of the in- 
ferior colliculus was performed by Simmons et al" in 
a patient undergoing resection of a recurrent cere- 
bellar tumor. Direct stimulation of the inferior col- 
liculus produced no auditory percept. 


The CN is located in the ventrolateral aspect of 
the caudal pons and receives input from cochlear 
nerve afferent fibers. The CN surface lies adjacent 
to the lateral recess of the fourth ventricle and is 
flanked by the cerebellum, pons, and medulla. 
Within the pontine brain stem, vestibular and pon- 
tobulbar nuclei and the middle and inferior cerebel- 
lar peduncles lie adjacent to the CN. Dorsal and 
ventral divisions of the CN are apparent on gross 
and microscopic inspection. Cells with nuclei in the 
CN receive terminals of the primary auditory affer- 
ent fibers. The CN contains large numbers of pro- 
jection neurons that give rise to the ascending audi- 
tory pathways. There is a wide frequency represen- 
tation in the ventral CN, with several complete 
tonotopic representations.*? Fibers with high and 
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Fig 5. Sixty-micron section through cochlear nu- 
cleus of guinea pig with Pt-10% Ir electrode im- 
plant. Bars — 50 um. A) Electrode track showing 
minimal tissue reaction. B) Higher magnification 
of A. 


low frequency representations are distributed in the 
posterodorsal and anteroventral aspects, respective- 
ly, in different divisions of the ventral CN.*^'? Thus, 
it would appear that the ventral CN would be an 
ideal site for implantation to stimulate higher audi- 
tory centers in the absence of peripheral auditory 
structures. 


Ongoing investigations at the House Ear Institute 
have provided evidence that the CN may be a useful 
site for auditory prosthesis implantation.' * Experi- 
ence with von Recklinghausen’s patients implanted 
with CN surface electrodes has demonstrated that 
limited differential intensity and pitch discrimina- 
tion is achievable with this prosthesis.?? Speech paz- 
tern contrast testing of these patients has demon- 
strated above-chance scores on suprasegmental and 
consonant voicing subtests.? Although minimal 
speech discrimination is produced, environmental 
contact and improved speech reading have been 
achieved. 


The present study was undertaken to examine the 
feasibility of implanting the CN with a penetrating 





prosthesis. Similar to use of multichannel scala tym- 
pani e ectrodes, this approach may provide access 
to tonotopically arranged neural pathways. In ad- 
dition to possibly enhancing pitch perception, close 
contact with cell bodies would also reduce the cur- 
rent flow necessary to achieve activation. This would 
decrease the power requirements and decrease the 
likelihood of activating adjacent neural pathways. 


Our results suggest that the CN implantation pro- 
cedure in this animal model is substantially better 
tolerated through a posterior (SO) approach. The 
lateral (TB) approach may introduce a large CSF 
leak fcllowing removal of the lateral confines of the 
cerebelopontine space. The presence of a foreign 
body, in this case the prosthetic device, may have 
prever ted spontaneous closure of the bullar defect. 
No attempt was made to close the bullar defect with 
soft tissue. Therefore, these findings should be ex- 
trapolated with caution when considering CN im- 
plantation in higher animal models and humans. 


Histologic results suggest that electrode place- 
ment within the CN is feasible via external ap- 
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proaches, although the accuracy of placement with- 
in the ventral CN was somewhat variable. The use 
of intraoperative monitoring enhanced the accura- 
cy of placement within the CN. We have noted, 
however, that the level of anesthesia can markedly 
affect the appearance of evoked responses obtained 
with such monitoring. Reliable use of this modality 
for monitoring implantation will require clarifica- 
tion of the effects of anesthetics on potentials 
evoked by direct stimulation of the CN. 


No difference in the pattern of the tissue response 
to tethered versus untethered electrodes was seen. 
These findings suggest that little, if any, probe mo- 
tion was induced by forces applied by the lead wire. 


Previous studies have demonstrated tissue toler- 
ance of Pt-Ir microelectrodes placed in cortical sites 
with and without stimulation.'''? The present his- 
topathologic findings demonstrate excellent tissue 
tolerance of Si substrate microelectrodes as well as 
Pt-10% Ir penetrating electrodes in the CN. The 
pattern of tissue response did not vary with elec- 
trode materials or with transient intraoperative 
stimulation. 


These pilot experiments have demonstrated the 
potential for microelectrode migration. In contrast 
to cerebral and cerebellar cortex electrodes, the CN 
electrode is placed in a fluid-filled recess — the 
cerebellopontine angle — that lacks an immediate 
bony or fibrous tissue covering for stabilizing the 
implant. Our observations of the operative proce- 
dure and postmortem results suggest that some com- 
bination of the following factors may contribute to 
electrode migration. : 


1. Operative exposure of the brain stem induces a 
variable amount of tissue edema that, with reso- 
lution, may shift the relative position of the im- 
plant. 





2. Brain pulsation, the natural tendencv of the 
brain to move within the CSF compartment 
with vascular pulsations, likewise may shift the 
relative position of the implant. 

3. The contraction of dura and other soft tissue 
overlying the craniotomy may produce traction 
forces on the implant or the attached conduc- 
tors. 


In our series, electrode migration occurred with 
both tethered and untethered implants. This sug- 
gests that the tether cannot be depended upon to 
maintain electrode position. It appears that posi- 
tional stability can be achieved only at the elec- 
trode-tissue interface. We therefore are evaluating 
alternative methods of electrode fixation as well as 
new electrode designs to minimize migration. Alter- 
nate biomaterials such as pure gold that can be used 
to manufacture an ultraflexible tether'? are under 
consideration. 


Selecting the optimal anatomic approach and 
technique of surgically implanting the CN will re- 
quire consideration of multiple factors. The ideal 
operative method will allow accurate electrode 
placement and adequate stabilization for the im- 
planted electrode and attached wire and will pro- 
vide the capacity to monitor the selectivity and ef- 
ficacy of auditory tract stimulation intraoperative- 
ly. While not definitive, intraoperative MLR moni- 
toring does, in conjunction with other observations, 
help to confirm proper placement. Generally, elec- 
trically evoked MLR waveforms conform to acous- 
tically evoked MLRs, with the exception of artifact 
and latency. 


The results of the present study support the fea- 
sibility of implanting a neuroprosthesis in the CN 
and have helped to establish implant strategies for 
further studies of chronic stimulation. 
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OSTEOSARCOMA OE THE LARYNX 
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A case of laryngeal osteosarcoma in a 75-year-old man is described. Thé osteosarcoma probably arose by dedifferentiation of a chon- 
drosarcoma of the cricoid cartilage. Laryngeal osteosarcoma is rare: the literature is reviewed and management discussed. 


KEY WORDS — chondrosarcoma, larynx, osteosarcoma. 


* 


Ls 


INTRODUCTION 


4- CASE REPORT 

Osteosarcoma is the rarest of the laryngeal sar- A 75-year-old man presented in April 1985 with 
comas'; only eight cases have been described. 77 In discomfort in his throat and minor dysphagia. 
several of these the pathologic details are poorly There was no stridor at that time. Indirect laryn- 
documented. We report a case of osteosarcoma, goscopy revealed a large mass, covered by normal 
probably arising by dedifferentiation of a low- mucosa, filling the left pyriform fossa. The left 
grade chondrosarcoma of the cricoid cartilage, with vocal cord was fixed, and there was a small polyp 
detailed recording of the pathologic findings. on the outer half of the left vocal cord. No nodes 


Fig 1. A,B) Lateral soft tissue ra- 
diographs of neck. A) In January 
1987, showing calcified mass be- 
tween spine and cricoid cartilage. 
B) In November 1987, showing 
decreased calcification compared 
with A. C) Photograph by indirect 
laryngoscopy, showing airway ob- 
struction by left-sided mass. D) 
Sagittal section of tumor, showing 
airway narrowing with intact mu- 
cosa. Pale foci of chondroid tissue 
are present (arrow). 


C 
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pears to have arisen in the cricoid cartilage.* Chon- 
drosarcomas of the larynx are less rare,’ but are 
usually of low-grade malignancy and grow slowly. 
Dedifferentiation to high-grade osteosarcoma has 
not been described in detail before in the larynx, 
although a case of dedifferentiated laryngeal chon- 
drosarcoma is mentioned briefly by Dahlin and Un- 
nj.” 


Osteosarcomas are typically highly malignant 
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neoplasms that metastasize early. Our case had al- 
ready metastasized to the epiglottis, and venous in- 
vasion was seen. Therefore we believe that chemo- 
therapy’ might improve the prognosis for this pa- 
tient: the; cure rate for patients with nonmetastatic 
osteosarcoma of bone treated by ablative surgery 
and/or radiotherapy is only 20% .**'* However, the 
addition of chemotherapy has raised the disease- 
free survival to between 45% and 90% 1512 after 5 
years. 
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IMMUNE RESPONSE OF THE ENDOLYMPHATIC SAC TO 
HORSERADISH PEROXIDASE: IMMUNOLOGIC ROUTE FROM 
THE MIDDLE EAR TO THE INNER EAR 
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Twenty guinea pigs were immunized with horseradish peroxidase (HRP) intradermally and challenged with 5 mg of the same antigen 
in the tympanic bulla. The appearance of immunoglobulin-producing cells (plasma cells) in the inner ear structure was examined im- 
munohistochemically in frozen sections. Four to 10 days following antigen challenge, 5 of the 20 animals showed significantly increased 
plasma cells in the subepithelial connective tissue of the endolymphatic sac (ES). Those cells showed positive reactions, mainly with IgG 
followed by IgM. The cells that reacted positively with IgA were few. Some of these plasma cells were considered to contain the specific an- 
tibody against HRP. The results indicate the role of the ES as a local immune response region for the inner ear complex, as well as the ex- 
istence of an immunologic route from the middle ear cavity to the inner ear, particularly to the ES. 


KEY WORDS — endolymphatic sac, immune response, immunohistochemistry, inner ear. 


INTRODUCTION normal ES of humans‘ or of guinea pigs*" have 
Recently, several authors have indicated that the shown that the ES richly contains immunoglobulin. 
inner ear is immunocompetent. Mogi et al’ identi- Saijo and Kimura* have reported that HRP ap- 
fied a significant increase of antibody titers in peri- plied to the middle ear cavity of the guinea pig 
lymph of animals sensitized with egg albumin. This passed through the round window membrane into 
experiment indicated that the increased antibody in the perilymphatic space and afterward was found 
perilymph was derived systemically from perilym- in the ES as well as in the endolymphatic space of 
phatic blood vessels as a filtrate. The subsequent ex- the inner ear. The Reissner’s and saccular mem- 
periments of Harris revealed an increase of specific branes were believed to be the routes from peri- 
antibody in perilymph against antigen in the chal- lymph to endolymph, and the vestibular aqueduct 
lenged cochlea, and it was regarded to be inde- was believed to be the route to the ES. Lim? also in- 
pendent of the cerebrospinal fluid and the influence troduced horseradish peroxidase (HRP) into the 
of increased vascular permeability. He postulated tympanic bulla of the chinchilla and found HRP 
the existence of a local immune response system in phagocytosed in macrophages in the ES. He pro- 
the inner ear. posed that the HRP must be transported to the ES 
Tomiyama and Harris? and Morgenstern et al^ through the perisaccular space of the endolym- 
studied the immune function of the endolymphatic phatic duct. Lim emphasized, moreover, that this 
sac (ES) by using guinea pigs that had undergone finding profoundly implicated the ES in the im- 
unilateral obliteration of the ES and had been Sys- mune mechanism of the inner ear. 


temically sensitized to keyhole limpet hemocyanin 


(KLH). Following local or systemic antigen chal- reason for the local immune response of the inner 
lenge, the anti-KLH antibody titers in the endo- ear by means of immunohistochemical methods. 
lymph and/or perilymph were measured, and the The antigen of this study, HRP, was introduced into 
reduction of antibody titers in the inner ear fluids the middle ear cavity to allow possible spontaneous 
obtained from the ears with obliterated ESs was penetration through the round window membrane 


The main purpose of this study was to explore the 


shown. Results indicated the possibility that the ES into the inner ear. To avoid nonspecific reactions, 

was an immunocompetent organ of the inner ear. the antigen was not produced by direct mechanical 
Morphologic investigations of the ES at the ultra- damage to the inner ear structures. The technique 

structural level by Rask-Andersen and Stahle’ and used also makes it possible to observe an immuno- 

D. J. Lim and P. Silver (unpublished observations) logic route from the middle ear cavity to the inner 

showed that the richly vascularized connective tis- ear. 

sue of the ES contained monocytes, lymphocytes, MATERIALS AND METHODS 


and occasional plasma cells; and the existence of an 


immunologic interaction of macrophages and lym- Penman TION 
phocytes was suspected by the investigators.’ More- Horseradish peroxidase (type VI, Sigma Chemi- 
over, recent immunohistochemical studies on the cal) was employed as the antigen. Twenty female 


From the Department of Otolaryngology, Nihon University School of Medicine, Tokyo (Ikeda), and the Department of Otolaryngology, University of 
Düsseldorf, Federal Republic of Germany (Morgenstern). 


REPRINTS — Minoru Ikeda, MD, Dept of Otolaryngology, Nihon University School of Medicine, 30-1 Oyaguchi, Itabashi-ku, Tokyo, Japan. 
975 


976 Ikeda & Morgenstern, Immune Response of Endolymphatic Sac 


colored guinea pigs weighing between 200 and 250 
g with normal Preyer's reflex were employed and 
immunized intradermally with 1 mg HRP in 0.05 
mL physiologic saline solution with 0.05 mL com- 
plete Freund's adjuvant twice, once a week. After 4 
weeks, the tympanic bullae of these animals were 
exposed by a retroauricular approach under intra- 
peritoneal pentobarbital anesthesia (45 mg/ kg). 
One middle ear cavity was challenged with 5 mg 
HRP in 0.1 mL physiologic saline, and the other 
was provided with 0.1 mL physiologic saline as & 
negative control. 


TISSUE PREPARATIONS 


On day 2 following antigen challenge to the mid- 
dle ear cavity, we examined three animals; on days 
4. 7, and 10 we examined five animals each day; 
and on day 21 we examined two animals. The ani- 
mals were heart-punctured for their serum samp- 
ling and killed with intracardiac perfusion with 4 7c 
paraformaldehyde in 0.85% NaCl with 2% acetic 
acid.'?'' The temporal bones were removed im- 
mediately and immersed in the same solution for 6 
days. Decalcification of the bone was performed 
through this process by acetic acid. After being 
rinsed in phosphate-buffered saline (PBS), the tem- 
poral bones were embedded in a medium for frozen 
tissue specimens (Tissue-Tec II, Miles Laboratory), 
frozen and sectioned in a cryostat to 6 to 8 um thick- 
ness, and mounted on a glass slide previously coated 
with 0.01% poly-L-lysine (Sigma Chemical). 


IMMUNOLOGIC STUDIES 


Measurement of Antibody Titer of Sera With 
ELISA. Twenty serum samples from immunized 
guinea pigs and four from normal guinea pigs were 
diluted 1:100 in PBS. The microtiter wells (Greiner 
Labor-Technik) were incubated with 0.01% HRP 
for 12 hours at 4°C and reacted with the diluted 
sera for 2 hours, with protein-A conjugated with 
alkaline phosphatase (1:400) (Bio-Yeda) for 1 hour, 
and with p-nitrophenyl phosphate for 1 hour. The 
optical density of the microtiter wells was read at 
405 nm of optical interference filter on a spectro- 
photometer (Cambridge Technology, Inc). 


Immunohistochemical Studies. The cells con- 
taining immunoglobulins (IgG, IgM. and IgA) were 
detected by the avidin-biotin complex (ABC) tech- 
nique." Glucose oxidase (GO) was chosen as the en- 
zyme marker" (Vector Laboratories). As the pri- 
mary antibodies, goat anti guinea pig IgG (Fe) (1: 
1.000), sheep anti guinea pig IgM (Fc) (1:300), and 
sheep anti guinea pig IgA (Fc) (1:300) (Nordic Im- 
munology) were used, and as the secondary anti- 
bodies, biotinylated rabbit anti goat IgG (1:20) and 
rabbit anti sheep IgG (1:20) (Vector Laboratories) 
were used. The sectioned tissue previously incu- 
bated with normal rabbit serum (1:2) for 30 min- 
utes was reacted with the primary antibody for 90 





Fig 1. Photomicrographs of plasma cells located along 
lateral wall of sigmoid sinus (asterisk) as well as in perisac- 
cular connective tissue and exhibiting positive cytoplasmic 
reaction with anti-immunoglobulin G antiserum: some 
cells are indicated by arrows (original x200). Positive 
plasma cells in cluster in rectangular area are magnified in 
micrograph below (original x500). 


minutes, with the secondary antibody for 1 hour, 
and with ABC-GO for 45 minutes. Then the tissue 
was reacted with nitroblue tetrazolium (NBT, Vec- 
tor Laboratories) for 25 minutes, and the positive 
reaction was exhibited in blue. After counterstain- 
ing with nuclear-fast red, slides were dehydrated in 
graded alcohol, cleaned in xylol, embedded in 
Eukitt, and examined under a light microscope. 


As a positive control, small intestine was used. As 
negative controls, PBS and normal sera from the 
same species of animals from which the primary an- 
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Fig 2. Photomicrographs of plas- 
ma cells in perisaccular connective 
tissue exhibiting positive cytoplas- 
mic reaction with anti-immuno- 
globulin M antiserum (arrows) 
(original x200). Positive plasma 
cells on left micrograph are mag- 
nified on right (original x500). 


tibodies were produced were used instead of pri- 
mary antibodies. 


The antigen for the detection of anti-HRP anti- 
body synthesizing cells'* was biotinylated peroxi- 
dase (Sigma Chemical). The sectioned tissue pre- 
viously incubated with normal rabbit serum (1:2) 
for 1 hour was exposed to 0.1% biotinylated peroxi- 
dase overnight at 4°C and reacted with ABC-GO 
for 1 hour and with NBT for 30 minutes and 
counterstained with nuclear-fast red. 


RESULTS 


SERUM ANTI-HRP ANTIBODY TITER 


The mean value of the titer (optical density) of 
immunized guinea pigs was 0.148+0.068 (mean + 
SD). The mean value was higher than that of nor- 
mal guinea pigs (0.043 20.005) with a statistically 
significant difference (p « .01). 


IMMUNOHISTOCHEMICAL STUDIES 


In four guinea pigs, killed on days 7 to 10 after 
antigen challenge, an increased number of plasma 








cells was observed in the subepithelial connective 
tissue of the ES, but no plasma cells were recog- 
nized in the lumen of the ES. One animal that was 
killed on the fourth day showed similar findings in 
the ES, with a relatively small number of plasma 
cells in the connective tissue. The location of the 
cells was always in the extraosseous part of the ES, 
regardless of the rugose or smooth portion. Those 
plasma cells reacted mostly with IgG (Fig 1), fol- 
lowed by IgM (Fig 2). The cells that reacted posi- 
tively with IgA were few (Fig 3). These findings 
were significant compared with the normal findings 
observed in the opposite control ears, which showed 
no or very few plasma cells in the connective tissue 
of the ES. In both the boosted and control ears, 
some of the epithelial cells and some of the intra- 
luminal cells of the ES, which were mostly macro- 
phages, showed positive reactions with IgG, with 
IgM, and slightly with IgA. As additional findings, 
increased plasma cells were found simultaneously 
along the lateral wall of the sigmoid sinus adjacent 
to the ES in two guinea pigs (Fig 1). In one animal 
killed on day 7, very few plasma cells were recog- 
nized in the modiolus of the cochlea; however, no 
plasma cells were observed in the vestibule or in the 


Fig 3. Two plasma cells (arrows) 
observed in perisaccular connective 
tissue in rugose (left) and smooth 
(right) portions and reacting posi- 
tively with anti-immunoglobulin A 
antiserum (original x500). 
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ampullated ends of the semicircular canals in any of 
the 20 animals. 


Some of the plasma cells in the perisaccular con- 
nective tissue and the wall of the sigmoid sinus 
showed positive cytoplasmic reactions with biotiny- 
lated peroxidase, to which they were exposed on the 
sectioned tissue (Fig 4). This finding was not ob- 
served in the control ears. 


DISCUSSION 


In the present study, guinea pigs that previously 
had been sensitized to HRP and showed a signifi- 
cant increase of anti-HRP antibody titer in the sera 
showed a sufficient number of plasma cells in the 
subepithelial connective tissue of the ES following 
the challenge of the same antigen into the midcle 
ear cavity. Moreover, it was demonstrated that 
some of these plasma cells reacted positively with 
biotin-conjugated peroxidase on the frozen sections. 
Hence these cells were assumed to be synthesizing 
specific anti-HRP antibody on the sites. These re- 


Fig 4. Plasma cells reacting with biotin-conjugated 
peroxidase (arrows) (original x300). These cells are 
located near lateral wall of sigmoid sinus (asterisk), as 
well as in subepithelial connective tissue of endolym- 
phatic sac. Inset) High magnification of plasma cell 
in rectangular area, exhibiting strongly positive cyto- 
plasmic reaction (original x500). 


= 
a 


sults confirmed the role of the ES as a local immune 
response organ for the inner ear complex, and also 
directly indicated the occurrence of immunologic 
intercourse from the middle ear to the inner ear, 
particularly to the ES. 


We do not assume that those plasma cells were 
derived from other parts of the inner ear or from the 
middle ear and reached the ES with a possible lon- 
gitudinal flow of endolymph or by diffusion, since 
we did not find plasma cells either in the lumen of 
the ES or in the endolymphatic or perilymphatic 
space of the inner ear. We conclude that the plasma 
cells originated in the perisaccular region of the ES, 
which has been proved to be rich not only in blood 
vessels and lymph vessels, but also in lymphocytes.* 


Through this study, we did not find clearly posi- 
tive responses of immune-producing cells in the 
cochlea or in the vestibule. In addition to the pecu- 
liar ultrastructural findings of the perisaccular con- 
nective tissue, the response of the ES may result 
from its characteristic anatomic location. The ES is 
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on the terminal end of the endolymphatic system of 
the inner ear complex, which is widely accepted to 
possibly have a longitudinal flow of endolymph. 
We assume that the ES, as a terminal structure, can 
collect a greater amount of antigenic substances 
that remain there for a longer period of time than 
can other parts of the inner ear. The amount of the 
antigen and its prolonged local duration are very 
important factors for stimulating the local immune 
response. This is well known as one of the reasons 
the antigen usually is provided locally with some 
adjuvant for immunization. 


According to Harris and Ryan, specific anti- 
body response was observed in the perilymphatic 
space of previously sensitized guinea pigs following 
the antigen challenge to the middle ear cavity. The 
authors indicated this may have been due to the 
passage of the antigen from the middle ear to the in- 
ner ear. According to the results of our experiment, 
we support their assumption and suggest that some 
of the increased antibody in perilymph of their ex- 
periment was derived from the inner ear complex 
and that presumably the ES played an important 
role. 

In some animals we found increased plasma cells 
along the lateral wall of the sigmoid sinus facing tke 
ES of the challenged ear. This finding suggests an 





immunologic relationship between the sigmoid 
sinus and the ES. This point requires further study. 


The results of the present study demonstrate the 
existence of an immunologic route from the middle 
ear to the inner ear, particularly to the ES, in which 
local immune response can occur. Therefore we as- 
sume that in some cases, for instance chronic in- 
flammation of the middle ear, if there are such anti- 
genic substances as can pass through the round win- 
dow membrane, they may reach the ES and repeat- 
edly introduce immunologic reactions to the ES. It 
is known that inappropriate activation of immune 
mechanisms can result occasionally in hypersensi- 
tivity and tissue damage rather than immunity. As a 
result, under some conditions, immune reactions in 
the ES might introduce pathologic changes in the 
ES itself. The damaged ES, as a matter of course, 
could be assumed to have a disorder of its normal 
functions, eg, endolymph absorption or pressure 
regulation of the inner ear. This assumption might 
be very suggestive when we consider endolymphatic 
hydrops, which is observed simultaneously in some 
patients with chronic otitis media, as reported by 
Paparella et al.'* Furthermore, the local immune 
response of the ES could help to explain to some ex- 
tent why immune endolymphatic hydrops occurs in 
some clinical" and experimental'*''? investigations. 
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ROUND WINDOW MEMBRANE AND PERILYMPH IN EXPERIMENTAL 
OTITIS MEDIA WITH EFFUSION 


MASASHI SUZUKI, MD HIDEYUKI KAWAUCHI, MD 
TATSUYA FUJIYOSHI, MD GORO MOGI, MD 
OITA, JAPAN 


To investigate the Influence of middle ear effusion (MEE) on perilymph (PL), an experimental otitis media with effusion (OME) was 
manufactured in chinchillas by infecting the tympanic cavity with immune complexes. The presence of MEE lasted for up to 9 days after 
the injection of immune complexes. Perilymph was aspirated on the fourth, tenth, and 21st days after the inoculation. The mean concen- 
trations of albumin, immunoglobulin C, histamine, and prostaglandin E2 (PGE2) were significantly greater in PL from ears with induced 
OME than in that from normal control ears. The *H-PGE2 placed on the round window membrane of pathologically affected ears passed 
into PL in significantly greater amounts than in normal control ears. The findings indicate that the immune complexes placed in the mid- 
dle ear cavity affect the biochemical milieu of PL, and that MEE 1s a result of immune complexes. 


KEY WORDS — albumin, biochemistry of perilymph, experimental otitis media, histamine, immunoglobulin G, prostaglandins. 


INTRODUCTION . at each time) were used for analysis of histamine. 
Otitis media with effusion (OME) is the most For examination of the AWM permeability, 15 
common disease causing conductive hearing loss in chinchillas were used (five at each time). These ani- 
young children. The inner ear is an extremely sensi- mals were bred in the animal facility of the Medical 
tive neurosensory organ buried in the temporal College of Oita. Absence of ear infection Was COD- 
bone and thus protected from mechanical impact firmed by a fiberscopic observation of the drum- 
and direct invasion by myriad organisms of the en- head and by tympanometry. Animals were anesthe- 
vironment. The round window membrane (RWM), tized by an intraperitoneal injection of pentobar- 
however, is the only portion that lacks a bony wall bital sodium (30 mg/kg) during each collection of 
between the middle ear and inner ear. Therefore, samples. 
an inflammatory reaction in the middle ear may Induction of Immune Complex-Mediated Otitis 


cause functional and histologic changes in the inner Media With Effusion. We induced OME by inocu- 


ear. It is well known that a subtle sensorineural ; E ge Së Goen 
ae d SC lating the chinchillas’ tympanic cavities with im- 
hearing loss is involved in certain forms of OME. mune complexes as described in a previous paper." 


Paparella et al"? and Aviel and Ostfeld? have dem- ] f 
onstrated that sensorineural hearing loss was found a eee a i pecs ee 
in patients with chronic otitis media or OME. Some 
keyhole limpet hemocyanin (KLH) — filtered 
experimental studies also have demonstrated that ` microfil EES erregt 
middle ear inflammation causes functional and through a 0.22-um microfilter and incubated at 
histoladie ch in th hlea ‘6 56°C for 30 minutes to inactivate the complement 
Gg — with 20 mg of KLH at the optimal ratio. Freeze- 
In the present study, we induced immune com- dried immune complex was suspended in hydroxy- 
plex-mediated OME in chinchillas and observed propyl cellulose solution at 0.8% concentration in 
changes in the perilymph (PL) and the RWM in or- phosphate-buffered saline. 'The tympanic cavity of 


der to note the influence of middle ear effusion one ear was inoculated with 1 mg of the immune 
(MEE) on the PL. complex in 0.2 mL of the hydroxypropyl cellulose 
solution through the superior bulla. The inocula- 

MATERIALS AND METHODS tion of 1 mg of immune complex was confirmed to 


M develop OME in our preliminary study (Suzuki et 
Animals. Sixty-two healthy chinchillas (400 to al, unpublished data). Middle ear effusion devel- 
550 g) were used for this experiment. Seventeen ani- oped within 4 days and disappeared spontaneously 


mals were employed for the measurement of im- 8 or 9 days after the injection. The other ear under- 
munoglobulin G and albumin (seven animals on went no treatment and served as a control. 


day 4, five on day 10, and five on day 21). Fifteen 
animals were used for measurement of prosta- Sample Collection. 'The PL was aspirated by in- 
glandin E2 (five animals at each time), and 15 (five sertion of a glass capillary tube with a fine tip 
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TABLE 1. CONCENTRATION (mg/dL) OF ALBUMIN 





IN PERILYMPH, SERUM, AND MIDDLE EAR EFFUSION 
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Perilymph 
Time After Animal OME Normal | OME/Nor- Serum Middle Ear Effusion 
IC Inoculation No. Side Side mal Ratio (1:100 Dilution) (1:100 Dilution) 
Day 4 ] 750.0 62.0 12.1 30.0 23.5 
2 235.0 64.0 3.7 22.0 41.0 
3 600.0 47.3 12.7 39.5 44.0 
4 230.0 92.0 2.5 47.5 57.5 
5 700.0 66.0 10.6 67.5 52.5 
6 343.0 103.0 3.4 32.0 53.5 
7 313.0 59.0 5.3 59.0 95.0 
Mean+SD 453.34 223.4 70.5419.7 7.19+4.4¢ 42.52 16.4 902.42 21.9 
p«.01 
Day 10 8 152.0 59.0 2.6 33.7 
9 310.0 150.0 2 57.0 
10 590.0 83.0 1.4 02.5 
11 175.0 95.0 1.5 02.5 
12 441.0 80.0 5.5 49.0 
Mean + SD 333.64 184.4 93.4434.2 3.7642.4 48.9+9.0 
p< .05 
Day 21 13 205.0 90.0 2.3 38.5 
14 375.0 174.0 2.2 47.5 
15 175.0 86.0 2.0 50.0 
16 300.0 142.0 2.1 36.0 
7 300.0 107.0 2.8 37.0 
Mean + SD 271.0+80.7 119.8+37.6 2.284+0.3: 41.8+6.5 
p<.01 
a>c, p<.05. 
IC — immune complex, OME — otitis media with effusion. 


through the RWM by use of a micromanipulator 
after the bulla was opened and the tympanic mem- 
brane, incus, and malleus were removed. The 
RWM was washed with 10 mL of PBS to avoid con- 
tamination by MEE. About 20 4L of clear, blood 
cell-free PL was obtained from each ear. The total 
amount of PL in chinchillas can be obtained if PL is 
aspirated carefully and slowly. Blood for serum 
samples was obtained by a heart puncture. The 
MEE was aspirated by puncture of the eardrum. 
Each sample was obtained from the individual ani- 
mals 4 days, 10 days, and 21 days following the in- 
ocu ation of immune complex. In sample collection 
for PGE2 assay, capillary tubes and syringes were 
coated with indomethacin in ethanol solution. 


Measurement of IgG and Albumin. An electro- 
immunodiffusion (EID) technique was used for this 
purpose as reported elsewhere.* Rabbit antisera to 
chinchilla albumin were made by immunizing rab- 
bits with purified albumin. The purification of 
albumin was performed by fractionating chinchilla 
serum with 50% saturated ammonium sulfate and 
by disc electrophoresis as described in a previous 
paper." In the present study, anti-IgG2 was used be- 
cause the EID technique used in this study required 
the use of only one subclass; however, antisera to 
IgGs reacted with both IgG1 and IgG2. For this 
reason, the values obtained with this method are in- 
terpreted as representing total IgG. Rabbit antisera 
to chinchilla IgG2 were made by immunizing rab- 
bits with purified IgG2. The IgG2 was obtained 
from chinchilla serum by ion-exchange chromatog- 


raphy using 0.01 M phosphate buffer at pH 7.6 
following 50% saturated ammonium sulfate frac- 
tionation. To confirm the purity of the fractionated 
chinchilla albumin and IgG2, immunoelectro- 
phoresis was performed between rabbit antisera to 
chinchilla whole sera and the chinchilla albumin or 
IgG2. Only one precipitin band was found. 


Determination of Prostaglandin E2. The PGE2 
was assayed in PL, serum, and MEE samples by a 
radioimmunoassay (RIA) using a PGE2 RIA kit 
(Amersham Japan, Tokyo) according to the method 
reported by Inagawa.? For the assay of PGE2 in FL. 
the protein elimination procedure was omitted to 
avoid sample loss because of the small amount of PL 
sample available for the assay. The effect of protein 
concentration in the tested sample on the assay of 
PGE2 was examined. One nanogram of PGE2 was 
added to chinchilla albumin solutions at the con- 
centrations of 0 mg/100 mL, 300 mg/100 mL, and 
750 mg/100 mL, respectively. Each solution was 
assayed. The results confirmed that the albumin 
content at such levels insignificantly affects the RIA 
for PGE2. 


Analysis of Histamine. Determination of hista- 
mine content in PL, serum, and MEE samples was 
carried out by the method described by Tsuruta et 
al.'^ The PL and MEE were diluted 25 and ten 
times, respectively, with distilled water; and 500 4L 
of these diluted samples and sera was used for 
analysis. The extraction of histamine was per- 
formed according to the protocol of Tsuruta et al. ° 
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TABLE 2. CONCENTRATION (mg/dL) OF IMMUNOGLOBULIN G IN PERILYMPH, SERUM, AND MIDDLE EAR EFFUSION 


Perilymph 
Time After Animal OME Normal OME/Nor- Serum Middle Ear E 
IC Inoculation No. Side Side mal Hatio (1:100 Dilution) ` (1:100 Dilution) 
Day 4 1 15.5 3.5 4.4 5.5 6.5 
2 150.0 10.5 14.3 12.0 14.7 
3 172.0 8.6 20.0 14.0 9.2 
4 80.0 12.5 6.4 24.5 18.3 
9 90.0 4.0 22.5 1.5 5.7 
6 40.0 4.6 9.0 4.0 4.5 
7 61.0 9.0 6.8 13.5 11.2 
Mean + SD 87.0+56.6 7.543.5 11.947.1 11.6+6.9 10.23:5.4 
p<.0l 
Day 10 8 110.0 10.5 10.5 11.5 
9 52.5 7.5 7.0 11.0 
10 32.0 6.0 5.3 11.2 
1l 55.0 7.8 7.1 9.5 
12 135.0 10.0 13.5 11.5 
Mean + SD 70.8::43.5 8441.9 8.7+3.3 10.9+0.8 
p< .05 
Day 21 13 60.0 6.3 9.5 18.5 
14 67.3 tl 8.7 17.3 
15 90.0 10.5 8.6 18.7 
16 80.0 11.5 1.0 23.7 
17 85.0 22.0 3.9 16.0 
Mean + SD 76.5412.5 11.60:0.2 7.542.2 18.4+3.1 
p<.01 


IC — immune complex, OME — otitis media with effusion. 


After that, the samples were subjected to high speed 
liquid chromatography-fluorescence analysis. 


Permeability of Round Window Membrane to 
Prostaglandin E2. In order to examine the perme- 
ability of the RWM to PGE2, 20 „L of PBS con- 
taining *H-PGE2 (0.002 »Ci) (Amersham Japan, 
Tokyo) was placed on the RWM by use of a micro- 
injector under a surgical microscope. Twenty mi- 
croliters of *H-PGE2 solution contained 3.75 ug of 
PGE2, and the radioactivity was 1,500 counts per 
minute. This amount of solution can be placed on 
the RWM without overflow. 'Thirty minutes later, 
the PGE2 solution was removed, and the RWM was 
washed gently and thoroughly with 300 mL of PBS 
until the radioactivity of the washed solution was 
not measurable. Then, PL was aspirated and sub- 
mitted to liquid scintillation spectroscopy. 


Histologic Examination. The RWMs were ex- 
amined by light and electron microscopy. For trans- 
mission electron microscopy, the specimens were 
fixed with Karnovsky's fixative solution (0.2 M 
cacodylate buffer containing glutaraldehyde at 
2.5% and paraformaldehyde at 2.0%), postfixed 
with 2.0% buffered osmium tetroxide solution, and 
embedded in epoxy resin. Epon-embedded thin sec- 
tions were stained with uranyl acetate followed by 
lead citrate. 


RESULTS 


Albumin and IgG Concentrations. Table 1 shows 
the results of albumin assays in PL, serum, and 


MEE samples. The mean value in PL obtained from 
ears with induced OME was significantly higher 
than that from normal ears on the fourth day 
(p<.01), tenth day (p<.05), and 21st day (p<.01) 
after inoculation of the immune complex, even 
though the mean concentration and the mean value 
of the ratio of the OME side versus the normal side 
gradually decreased after the inoculation of the im- 
mune complex. The mean ratio of the OME side 
versus the normal side on the fourth day significant- 
ly exceeded that on the 21st day. The mean values 
of IgG concentration are given in Table 2. The 
mean concentration in PL from ears with induced 
OME was significantly greater than that from nor- 
mal control ears at each stage (p< .01) except on the 
tenth day. Perhaps because of the small number of 
samples tested, a statistical significance was not ob- 
tained at the stage of the tenth day. In values of IgG 
concentration in PL obtained from ears with in- 
duced OME, there was a great difference between 
individual animals. 3 


Prostaglandin E2 and Histamine Concentrations. 
The results are shown in Tables 3 and 4. In PL 
samples obtained on the fourth day, both mean 
values for the ear with induced OME were signifi- 
cantly greater (p<.01) than those of the normal 
ears. On the fourth day, the mean concentration of 
PGE2 in PL samples from ears with induced OME 
significantly exceeded (p< .05) the value on the 21st 
day. However, these elevations of PGE and the his- 
tamine concentrations in PL from ears with induced 
OME gradually decreased afterward through the 
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TABLE 3. CONCENTRATION (ng/mL) OF PROSTAGLANDIN E2 IN PERILYMPH, SERUM, AND MIDDLE EAR EFFUSION 
TEE 


Time After Animal OME Normal | OME/Nor- Middle Ear 
IC Inoculation No. Side Side mal Ratio Serum Effusion 
Day 4 18 1.47 0.043 34.2 0.76 2.78 
19 1.19 0.073 16.3 1.15 2.80 
20 0.96 0.016 60.0 1.03 3.75 
21 1.56 0.058 20.9 1.1] 5.40 
22 0.59 0.075 7.9 0.98 4.75 
Mean+SD 1.1520.39* 0.053+40.02 29.1+20.0 1.01+0.15 3.90 + 1.17 
D UI p<.01 
Day 10 23 0.29 0.021 13.8 1.23 
24 0.61 0.032 19.1 1.06 
25 0.16 0.039 4.1 0.81 
26 0.16 0.013 12.3 2.00 
27 1.57 0.022 71.4 1.00 
Mean+SD 0.56+0.60 0.02540.01 24.1427.0 1.22+0.46 
Day 21 28 1.03 0.060 17.2 1.59 
29 0.44 0.065 6.8 1.10 
30 0.25 0.020 12.5 0.94 
3l 0.01 0.007 1.4 1.26 
32 0.07 0.020 3.5 1.27 
Mean + SD 0.36+0.41° 0.034+0.03 8.28+6.5 1.232 0.24 


a»c, p« .05. 
IC — immune complex, OME — otitis media with effusion. 


experimental period. Both mean values of MEE 
were significantly greater (p< .01) than those of se- 
rum samples. 


Passage of Prostaglandin E2 Through Round 
Window Membrane. The results are given in Table 
9. The mean counts per minute of PL samples from 
ears with induced OME were significantly higher 
(p € .01) than those from normal ears on the fourth 
and tenth days. The mean value from ears with in- 
duced OME exceeded the value from normal ears 
on the 21st day. However, this difference was not 
statistically significant. The mean values of counts 


TABLE 4. CONCENTRATION (n 





/mL) OF HISTAMINE IN PERILYMPH, SERUM, AND MIDDLE EAR EFFUSION 


per minute in ears with induced OME on the tenth 
and 21st days were significantly reduced, as com- 
pared to the mean value on the fourth day. Blood 
samples taken at each stage showed no radioactivity 
counts except for background. 


Histopathology. Figure 1 shows sections of the in- 
flamed RWM at each stage and a section of a nor- 
mal ear. On the fourth day, the connective tissue 
layer was thick, and dilatation of vessels and in- 
creased vascularity were evident. Epithelial cells of 
the outer layer (toward the middle ear) were ap- 





Time After 


OME 


Perilymph 
Normal 


OME/Nor- 


Middle Ear 


e dr EE 
IC Inoculation No. Side Side mal Ratio Serum Effusion 
Day 4 33 3.7 0.40 9.3 3.7 38.4 


34 2.4 0.38 6.3 4.5 42.1 
35 1.5 0.60 2.5 4.6 50.2 
36 2.7 0.62 4.4 5.9 27.3 
37 9.2 1.44 3.6 4.5 25.5 
Mean + SD 3.1414 0.6940.44 5.224+2.7 4.6+0.8 36.7 + 10.3 
p«.0l p«.0l 
Day 10 38 1.4 0.31 4.5 6.0 
39 1.8 0.45 4.0 5.7 
40 4.2 1.27 3.3 3.8 
4] 1.3 0.80 1.6 3.5 
42 0.8 0.54 1.5 4.8 
Mean + SD 1941.3 0.6740.38 2.9841.4 4.8+1.1] 
Day 21 43 1.9 0.50 3.8 5.2 
44 0.9 0.23 3.9 5.4 
45 0.5 0.44 - 5.1 
46 0.8 0.61 1.3 6.3 
47 1.3 0.53 2.5 3.2 
Mean+SD 1140.5 0.4640.14 2.5241.3 5.0+1.1 


IC — immune complex, OME — otitis media with effusion. 
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TABLE 5. PASSAGE OF PROSTAGLANDIN E2 THROUGH 
ROUND WINDOW MEMBRANE 


Time After IC Counts Per Minute (% 


Day 4 48 51 (3.5) 14 (0.97) 
49 61 (4.2) 7 (0.48) 
50 39 (2.7) 0 (0.00) 
51 71 (4.9) 13 (0.90) 
52 56 (3.7) 10 (0.67) 
Mean+SD 55.6+11.9 (3.80) 8.8+5.6 (0.060) 
p<.0l 
Day 10 53 26 (1.8) 9 (0.62) 
54 21 (1.4) 12 (0.83) 
Do 37 (1.4) 15 (1.00) 
56 33 (2.4) 20 (1.33) 
57 30 (2.9) 12 (0.80) 
Mean+SD 30.4+6.7 (2.02) 13.644.2 (0.92) 
p<.01 
Day 21 58 34 (2.3) 25 (late) 
59 16 (1.1) D TRIN) 
60 36 (2.5) 0 (0.00) 
61 36 (2.5) 4 (0.28) 
62 28 (1.8) 9 (0.60) 


Mean+SD 30.04 8.5 (2.04) 11.02: 10.1 (0.75) 


Numbers in parentheses indicate what percentage of radioactivity 
(cpm) of solution containing *H-PGE2 is represented by perilymph sam- 
ple. 

IC — immune complex, OME — otitis media with effusion. 


parently enlarged, as compared to those of normal 
control ears (Fig 2). However, the tight junctions of 
these epithelial cells were not loosened. On the 
tenth and 21st days, the thickness of the RWM in- 
creased, and proliferation of fibrocytes and fibro- 
blasts was active. They were enlarged in the subepi- 
thelial layer. On the 21st day, fibers increased (Figs 
3 and 4). Few neutrophils, macrophages, lympho- 
cytes, or plasma cells infiltrated the inflamed 
RWM, and none infiltrated the normal RWM. 
However, basophils occasionally were seen in both 
normal and inflamed RWMs. 








Fig 1. Light micrographs of round window membranes. 
A) Normal control ear. B-D) Ears with induced otitis 
media on B) fourth, C) tenth, and D) 21st days. 


DISCUSSION 


In the present investigation, OME was generated 
in chinchillas by injecting the tympanic cavity with 
immune complexes of KLH and anti-KLH chin- 
chilla serum. The induction of experimental OME 
by this method is highly reproducible, although the 
presence of MEE lasts for up to 9 days after the in- 
oculation of immune complexes. The characteristics 
of the immune complex-mediated OME are similar 
to those of immune-mediated OME that were pro- 
duced by secondary immune responses of the mid- 
dle ear.’ Briefly, infiltrating cells in MEE consist 
predominantly of macrophages, neutrophils, and 
lymphocytes. The lining membrane of the tympanic 


Fig 2. Transmission electron mi- 
crograph of pathologically af- 
fected ear on fourth day. Epitheli- 
al cells are swollen. Cell junctions 
seem firm. Dilated capillaries are 
seen in subepithelial layer. M — 
middle ear side, I — inner ear 
side, C — capillary, F — fibro- 
blast, single arrows — tight junc- 
tions, double arrows — foreign 
particle that is probably hydroxy- 
propyl cellulose injected into tym- 
panic cavity with immune com- 
plex. 
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Fig 3. Transmission electron micrograph of pathologically 
affected ear on tenth day. Proliferation of fibroblasts (F) is 
active in subepithelial layer. A) Lymphocyte (L) and mast 
cell (M) are seen in epithelial or subepithelial layer. B) 
Rough endoplasmic reticulum (RER) of fibroblast is also 
seen. 


cavity becomes thickened. There are abundan: neu- 
trophils, lymphocytes, macrophages, and eosino- 
phils in the subepithelial layer. Histamine and 
PGE2 levels in MEE are significantly high. 


The results of this study clearly showed that this 
type of OME affects the biochemical milieu of PL. 
The albumin content in PL of ears with induced 
OME was substantially elevated as compared to 
that of normal control ears. This elevatior con- 
tinued for 2 weeks after the MEE disappeared, 
although the level was twice that in the control 
ears. This was also true of the IgG content. The 
direct passage of albumin and IgG from MEE to PL 
through the RWM is the most probable mechanism 
for the increase in PL of this protein. In fact, the 
passage of horseradish peroxidase through the 
RWM into the labyrinth has been reported." 
Goycoolea et al* have demonstrated that albumin is 
permeable to the inner ears through the RWM in 
cats with experimental OME. Harris and Ryar also 
have presented data to demonstrate the passage of 
antibodies from the MEE to the inner ear across the 


RWM of guinea pigs with immune-mediated OME. 


The present study disclosed that relatively high 
levels of albumin and IgG in PL of ears with in- 
duced OME were durable 2 weeks after the disap- 
pearance of OME. The most likely explanation of 
this finding is the relatively long half-life of these 
serum proteins (20 days). Another possibility is an 
increased permeability of the perilymphatic blood 
vessels that facilitates the infiltration of serum pro- 
teins to the PL, even through Harris and Ryan‘ 
denied this possibility. Mogi et al," on the other 
hand, supported the supposition that the main 
source of immunoglobulins, and albumin as well, in 
PL is the infiltration from blood vessels surrounding 
the perilymphatic space. 


The results of the histologic observation in this 
study showed increased vascularity in the RWM of 
ears with induced OME on the fourth day after the 
inoculation of immune complexes. This histologic 
change was still apparent after the disappearance of 
MEE. This evidence might suggest an accelerating 
infiltration of serum proteins into the PL, at least at 
the site of the RWM, after the MEE has disap- 
peared, even though detachment of endothelial cell 
junctions was not clearly found in this study. On the 
fourth day, the epithelial cells of the outer layer 
were swollen, and cell junctions seemed firm. Goy- 
coolea et al^ mentioned the possibility of alteration 
of the cell junctions, but it could not be found in 
this study. It should be considered nevertheless that 
hypervascularity of the RWM suggests an accelerat- 
ing infiltration of serum proteins into PL. Electron 
microscopic observations revealed foreign particles 
in the epithelial and subepithelial layers of the 
pathologically affected RWM. The foreign particles 
probably were hydroxypropyl cellulose particles in- 
jected into the tympanic cavity with the immune 
complexes. It is considered that cellulose particles 
were absorbed into the RWM by the mechanism of 
endocytosis of the epithelial cells. The evidence sug- 
gests the possibility that macromolecular proteins 
such as albumin and IgG may pass through the 
RWM to PL by this mechanism. Although the pas- 
sage of hydroxypropyl cellulose into the RWM sug- 
gests that immune complexes might be transported 
into the RWM, the presence of immune complexes 
in PL was not investigated in this study. It is pos- 
sible that these immune complexes may induce local 
inflammation in the RWM and perilymphatic 
space. However, in our present study, the inflam- 
matory cell infiltration was seen to some extent in 
the RWM, but not in the perilymphatic space. 


Prostaglandins are one of the metabolites of 
arachidonic acid, serving an important regulatory 
function. Bernstein et al'* reported that prosta- 
glandins are present in MEE of humans in greater 
amounts than in the corresponding sera. In both our 
previous’ and present studies of chinchillas, it was 
found that the mean PGE2 level in the MEE is sig- 
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nificantly higher than that in the corresponding 
sera. Since prostaglandins are manufactured in all 
cells other than red blood cells, even though dif- 
ferent cell types show marked variation in the 
amounts, PGE2 in the MEE comes chiefly from the 
infiltrating cells in the MEE and inflamed middle 
ear mucosal cells. We found, in this study, an ex- 
tremely elevated PGE2 level for each PL sample ob- 
tained from ears with induced OME on the fourth 
day. The mean PGE? level in PL of the diseased ears 
(fourth day) was 29 times greater than that of the 
normal control ears. The results of the tracer experi- 
ment of ?H-PGE2 in the present study showed, 
without a doubt, that PGE2 placed on the patho- 
logically affected RWM passes into the PL. In this 
OME model, the complement system might be acti- 
vated by immune complexes. The breakdown prod- 
ucts of complements 3 and 5 (C3a and C5a) are 
anaphylatoxins, releasing chemical mediators con- 
taining histamine from mast cells. It was dem- 
onstrated that the histamine content in MEE was 
greater than that in the corresponding sera. On the 
fourth day, when MEE was observed, the histamine 
level in PL of ears with induced OME significantly 
exceeded that of normal ears. The histamine de- 


Fig 4. Transmission electron micrograph of 
pathologically affected ear on 21st day shows 
increased fibers in subepithelial layer. M — 
middle ear side, I — inner ear side. 


tected in PL might be derived from MEE, and pos- 
sibly is produced and released by mast cells in the 
connective tissue of the RWM. Since prostaglandins 
and histamine are mediators of inflammation, these 
findings imply that OME may affect the PL. How- 
ever, the extent of the influence on the PL appar- 


ently depends on the severity and duration of the 
OME. 


The present study, as well as studies by Goy- 
coolea et al^ and Harris and Ryan,? failed to find 
histopathologic changes in the perilymphatic space 
and other inner ear compartments of ears with in- 
duced OME. These studies did not evaluate the in- 
ner ear function. Morizono et alí demonstrated in 
their electrophysiologic study that evidence of sen- 
sorineural hearing loss was found in chinchillas 
with induced pneumococcal OME (purulent type). 


In conclusion, the findings of the present study 
demonstrated that OME affects the biochemical 
milieu of PL. In a future study in this laboratory, an 
electrophysiologic investigation will be employed to 
detect also the effect of OME on the inner ear func- 
tion. 
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SOFT TISSUE SURGERY WORKSHOP 


The Cleveland Clinic Foundation is sponsoring a continuing education program entitled Soft Tissue Surgery Workshop, to be held 
February 1-2, 1990, at The Clinic Center Hotel in Cleveland. For further information, contact The Cleveland Clinic Education Founda- 
tion, Department of Continuing Education, 9500 Euclid Avenue, TT31, Cleveland, OH 44195-5241; 444-5696 (local), (800) 762-8172 
(Ohio), (800) 762-8173 (outside Ohio). 
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RECENT ADVANCES IN VESTIBULAR TESTING AND REHABILITATION 


The Cleveland Clinic Foundation is sponsoring a continuing education program entitled Recent Advances in Vestibular Testing and 
Rehabilitation, to be held April 24-25, 1990, at the Stouffer Tower City Plaza Hotel in Cleveland. For further information, contact The 
Cleveland Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Avenue, TT31, Cleveland, OH 
44195-5241; 444-5696 (local), (800) 762-8172 (Ohio), (800) 762-8173 (outside Ohio). 
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IMAGING CASE STUDY OF THE MONTH 
MAXILLARY SINUS NEOPLASM 


MAURICE BETTEZ, MD 
Iowa City, IOWA 
KENNETH D. DOLAN, MD 


Iowa City, IOWA 


INTRODUCTION 


Computed tomography is used extensively in the 
diagnosis of maxillary sinus cancer. This modality 
clearly defines bone erosion when present. De- 
pending on the location and extent of a maxillary si- 
nus tumor, CT may show opacity of surrounding si- 
nuses. Magnetic resonance is the best imaging tech- 
nique to differentiate between obstructive opacity 
and invasion suspected on the CT study, as illus- 
trated by the following patient. 


The patient is a 45-year-old woman with a 
3-month history of left-sided nasal obstruction. She 
noticed difficulty breathing through her left nostril 
and assumed it was secondary to nasal congestion. 
This was treated with decongestants and antibiotics 
with no decrease in her symptoms. She sought 
medical attention following the onset of left ear 
pain and left-sided headaches of increasing severity. 
The physical examination showed a polypoid mass 
in the left naris. A biopsy revealed squamous cell 
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carcinoma clinically staged as a T4NOMO tumor. 


A CT coronal view (Fig 1A) shows left maxillary 
sinus opacity with erosion along the lower anterior 
surface and in the region of the upper nasal surface 
of the sinus. The left naris is opaque, and the orbital 
floor and ethmoid-maxillary septum are absent. 
The left ethmoid sinus is opaque. A midmaxillary 
axial view (Fig 1B) better demonstrates erosion of 
the left maxillary nasal surface. The left frontal 
sinus was opaque on other views (not illustrated). 


Anterior (Fig 2A) and posterior (Fig 2B) T2 MR 
coronal images through the maxillary, nasal, and 
ethmoid plane show that the signal intensity of the 
tumor is less than the intensity of signal produced 
by obstructive secretions in the left ethmoid sinus. 
These images also show no evidence of anterior 
fossa involvement. 


Orbit studies also were obtained by MRI. Figure 
3A is a coronal retrobulbar T1 image. It shows ex- 





Fig 1. Sinus computed tomographs. A) 
A — anterior maxillary erosion, B — nasal wall erosion. B) 
opacity. Nasal wall erosion lies between arrowheads. 





Midmaxillary coronal view showing left maxillary, left nasal, and left ethmoid opacity. 
Axial midmaxillary view with left maxillary sinus and left naris 
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Fig 2. Sinus T2 magnetic resonance images. A) Anterior maxillary view with lew-signal tumor (T). Secretions fill ethmoid sinus cell 


(S). Arrowhead — intranasal tumor extension. B) Posterior maxillary view showing tumor (T), ethmoid secretions (S), orbital inva- 


sion (upper arrowhead), and nasal invasion (lower arrowhead) 


tension of the left maxillary tumor through the orbit 
floor into the area of the inferior rectus muscle. 
Similarly, the lower border of the medial rectus 
muscle also is invaded by tumor. These changes are 
reflected by the absence of high-signal fat surround- 
ing the lower borders of these muscles. Figure 3B is 
a T2 axial MR image at the level of the optic nerve. 
The bright signal produced by water in the ethmoid 
and sphenoid sinus cells reflects the presence of 
secretions in these cells. 


DISCUSSION 


During the late 1970s and early 1980s, CT be- 
came important in the evaluation of paranasal sinus 


tumors. This examination modality has been used to 
delineate tumor erosion into the orbit, base of skull, 
oral and nasal cavities and other sinuses, surround- 
ing sort tissue, and bony structures. ! 


The major limiting factor of CT imaging is the 
poor differentiation between occluded or inflamed 
sinus cavities and adjacent tumor.? This lack of dif- 
ferentiation may mislead the surgeon in the deter- 
mination of a safe resection margin 27 


More recently, MRI has arisen as a major ad- 
vance in differentiating adjacent soft tissue struc- 
tures of different composition.5:5 


The Tl MR images depend primarily on very 





Fig 3. Orbital magnetic resonance images. M — medial rectus muscle. L — lateral rectus muscle. A) T1 oblique 
(perpendicular to optic nerve) retrobulbar image. T — tumor, S — superior rectus muscle, O — optic nerve, ver- 


tical arrow — tumor extending into inferior rectus muscle. 


horizontal arrow — tumor invading inferior portion of 


medial rectus muscle. B) T2 axial image of left orbit in optic nerve plane. G — globe, N — optic nerve, 
E — ethmoid sinus, S — sphenoid sinus with small tumor nodule at arrowhead. 
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mobile hydrogen protons contained in fat or fatlike 
substances to produce the brightest signal intensity. 
Figure 3A illustrates the absence of expected fat sig- 
nal as the indication of tumor invasion. 


The bright signal of a T2 MR image is produced 
by the less mobile hydrogen protons of water. The 
obstructive secretions in Fig 2A,B are indicated by 
their signal intensity, which is brighter than that of 
the tumor in these views. Similarly, the bright sig- 
nal in the ethmoid sinus depicted by Fig 3B indi- 
cates the presence of secretions rather than tumor. 
Note also how brightly the vitreous water signal in 
the globe is depicted in this view. 


The hydrogen protons in bone are much less 
mobile and fewer in number than in tissue or fluid. 
Bone areas, therefore, are black or signal-free in the 


usual MRI studies. This is well seen in Fig 3B, in 
which the delicate ethmoid septae produce thin 
black lines between the secretion-filled ethmoid 
cells. Those familiar with MRI usually can deter- 
mine bone integrity on conventional MRI studies. 
Magnetic resonance may be used as the principal 
imaging technique in evaluating tumors similar to 
that in our patient. 


The patient underwent a radical maxillectomy 
with orbital exenteration. The surgical findings cor- 
relate well with the MRI results. Since the anterior 
fossa, base of the skull, and upper ethmoid air cells 
were not invaded, as demonstrated by the MRI 
scan, we were able to resect that tumor with sur- 
rounding safe margins. The imaging precision of 
the MRI scan provided information that negated 
the need for a more extensive surgical procedure. 
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THE INTERNATIONAL SYMPOSIUM ON CLINICAL AND BASIC OTOLOGY 


The International Symposium on Clinical and Basic Otology will be held June 4-6, 1990, in Beijing, People’s Republic of China. The 
abstract deadline is December 31, 1989. For further information, contact the Beijing Institute of Otorhinolaryngology, Chan Liu, MD, 
Professor and Director, 17 Hougou Lane, Beijing 1000005, People’s Republic of China. 
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PATHOLOGY CONSULTATION 
DERMAL ECCRINE CYLINDROMA 


JOHN G. BATSAKIS, MD 


HOUSTON, TEXAS 


Certain dermal appendage tumors have a striking histologic and clinical homology with some tumors arising from the salivary duct 
system. The dermal eccrine cylindroma is an exemplar. Arising from the eccrine ducts, this neoplasm is only occasionally found outside the 
head and neck, has a recurrence rate of over 40% , and in its malignant form is a high-grade carcinoma. Its counterpart in salivary glands, 
the dermal analogue tumor, manifests a histologic similarity, if not identity, also has a relatively high recurrence rate, and can also 


undergo malignant change. 


The dermal eccrine cylindroma is an adenexal tu- 
mor of skin that holds special interest for the head 
and neck surgeon. The majority (90% ) arise as small, 
usually solitary, slow-growing lesions on the head 
and neck; occasionally they arise as spectacular 
giant forms known as turban tumors because of the 
disfigurement they produce.' There is a histological- 
ly homologous tumor of the major salivary glands, 
preponderantly the parotid gland, that may exist 
independently or be part of a cutaneous-salivarv syn- 
drome.*? In either skin or salivary sites, the lesion 
may be mistaken for an adenoid cystic carcinoma. 


Familial multiple dermal cylindromas are in- 
herited as an autosomal dominant trait.’ Multiple 
tumors may also be associated with other skin tu- 
mors, trichoepitheliomas, eccrine spiradenomas, 
and cylindromas with features of both of these or 
syringoma. Solitary forms do not show a familial 
tendency. There is a 10:1 female predominance.''5 
Clinical presentation occurs over a wide time peri- 
od from early childhood to the eighth decade. 


Although the histogenesis of the dermal eccrine 
cylindroma continues to be debated, histologic, ul- 
trastructural, and immunocytochemical studies in- 
dicate origin from the intradermal coiled duct re- 
gion of the eccrine sweat gland: 


The scalp (including the hairline) and other areas 
of the head and neck account for 90% of the re- 
ported sites of dermal eccrine cylindromas. Only a 
small number of patients with tumors on the trunk 
or extremities do not also have tumors involving the 
scalp.' The ear, including the external auditory ca- 
nal, accounts for approximately 6% of the reported 
tumors. ' 


The lesions are nodular, firm, and pink-red. 
Unless coalesced in clusters, they average 1 cm in 
diameter. 


The cylindroma is an unencapsulated, upper der- 


From the University of Texas M. D. Anderson Cancer Center. Houston. 
REPRINTS — John G. Batsakis, MD, Division of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 


77030. 
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mal lesion usually separated from the overlying epi- 
dermis (see Figure, A). Crain and Helwig’ stressed 
the three essential histologic features: cords of ba- 
saloid cells, hyaline material, and cystic and/or 
solid cell masses with ductlike structures. The 
architectural growth pattern is lobular and mosaic 
in appearance with cords, islands, and nodules (see 
Figure, B). In some areas, hyaline outlines the 
configuration of lobules and islands; in others, the 
hyaline material is in a droplet form between in- 
dividual cells or in irregular masses (see Figure; 
C,D). Perivascular hyaline cuffing may also be a 
prominent feature. Because of isolated islands and 
lack of encapsulation separate from the main tu- 
mor, an infiltrative quality is often imparted. 


The hyalinized material contiguous to the tumor 
cell clusters is composed not only of basement mem- 
brane components, but also of other connective tis- 
sue constituents, ie, type I and type III collagen and 
fibronectin.* 


Recurrence after excision of a dermal eccrine cyl- 
indroma is quite common. In the series reported by 
Crain and Helwig! it was 42%. Fifty percent of 
these were within 3 years of the primary excision. 
Multinodularity and multifocal growth are held re- 
sponsible, as they also are for the salivary gland 
counterparts.?:* 


The frequency of carcinoma arising from a der- 
mal cylindroma is unknown. Cooper et al’ estimate 
that at least 14 cases have been reported. The ma- 
jority of these arose in patients with multiple (tur- 
ban tumor) cylindromas of the scalp and were 
evinced by a rapid enlargement of a part of the 
maternal lesion. The carcinomas often retained 
features evocative of the cylindroma; others lacked 
that identity. In their 10 patients with follow-up, 
the lethality of the carcinoma is shown. Five pa- 
tients died of disseminated disease, and three from 
local, uncontrolled aggression. 


The dermal analogue monomorphic adenoma of 
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Dermal eccrine cylindroma. A) Of skin of temple (H & E, original x40). Isolated epithelial islands infiltrate dermis. B) Of skin of ex- 
ternal auditory canal (H & E, original x80). Mosaic growth pattern is evident. C) Eosinophilic basement membrane material sur- 
rounds islands and is deposited within cell masses (H & E, original x160). D) Basaloid cells, lobular growth, hyaline droplets, and 
circumscribing sheaths about epithelial islands (H & E, original x220). 


salivary glands is histologically indistinguishable 
from a dermal eccrine cylindroma.?? Its recurrence 
rate is also similar. Our experience with carcinomas 
ex monomorphic adenoma is that the dermal ana- 
logue tumor is also more likely to undergo malig- 
nant changes than other monomorphic adenomas. 
In follow-up periods up to 9 years, none of our six 


patients with malignant dermal analogue tumors 
have had metastases, but characteristically, they 
have had multiple recurrences. As with the malig- 
nant dermal cylindroma, a rapid growth of atypical 
basaloid cells with necrosis and mitoses and reten- 
tion of architectural features of the benign precur- 
sor is found. 
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BOOK REVIEWS 


Scott-Brown’s Otolaryngology 
Alan G. Kerr, series ed. 5th ed. Vols 1-6. Hard cover, illustrated, indexed, 1987. Butterworth Publishers. Boston, $595. 


The addition of volumes on pediatric otolaryngology and adult audiology increases the number of volumes in this set from the original 
two (published in 1952) to six volumes in this fifth edition. In the ensuing 35 years, Scott-Brown’s reputation as the mastermind and editor 
of the first postwar British text on otolaryngology, indeed the bible of British otolaryngology, was perpetuated until his death in 1987. His 
disciples preserve his recognition and acclaim in this syllabus, which has been prepared by authors who are resolute in the coverage of their 
topic. Rarely will the reader of any of the volumes (on basic sciences, adult audiology, otology, rhinology, laryngology, and pediatric oto- 
laryngology) be confronted by skepticism or tenuous information. Perhaps such aggressive coverage of clinical management precludes more 
than a brief discussion of readily available and widely accepted diagnostic procedures, such as rotational and platform testing for the ver- 
tiginous patient. Although the lack of in-depth coverage of such modalities appears to be a striking omission, it must be realized that the 
fluidity of the practice of otorhinolaryngology today makes it almost impossible to maintain the up-to-date integrity of a text through the 
date of publication. Generally, the contributors have supplied their readers with a generous bibliography, should additional information 


be desired. 


Each chapter is well written, stimulating, and complemented by most useful drawings and photographs. Although the drawings are 
simple, they fulfill all didactic requirements. Where differences in opinion are expressed in the literature (adenoidectomy, endolymphatic 
shunt, etc), the reader is not subjected to persuasion. Instead, the different philosophies are presented and the reader is directed to ap- 
propriate references for further insight into the controversies. 


As a reference source, particularly in the art of history-taking and the physical examination, these volumes are recommended en- 
thusiastically. The entire set is unique in presenting usable, dependable, and easily understood information that can be applied quickly to 
the practice of otolaryngology. Specific topics may be followed easily through the index. However, the overall quality of the contributions, 


Dy D 


well presented with minimal deficiencies, encourages full reading of each chapter. 


This introduction is valid for each of the six volumes in this set; therefore, only significant characteristics will be noted for each 
volume. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Vol 1. Basic Science, David Wright, ed rial is organized in a logical sequence, one exception being the 
chapter Computers in Audiology interjected between Acoustics 


The presentation and discussion of the basic science of the head , s 
and Electroacoustics and Epidemiology of Hearing Disorders. 


and neck in this volume is as good as its compeers. Some of the 


chapters have been “combined and refined” from the fourth edi- The chapters Hearing Aids and The Role of the Cochlear Im- 
tion. However, this remarkable assemblage includes several new plant are particularly well written and informative. An excellent 
topics, including laser surgery and the physiologic aspects of section, Noise and the Ear, covers the gamut of malefactors, in- 
wound healing, biomaterials, anatomy and ultrastructure of the cluding fireworks, classical music, and dental drills. On the other 
human ear, physiology of the ear, perception of sound, and basic hand, the chapter Legal and Ethical Matters, although in- 
immunology. teresting, will be of minimum usefulness to anyone other than 


physicians in Britain. The only significant topic lacking in this 
volume was omitted intentionally. The practice of audiology and 
the impact of hearing impairment as they relate to children are 
not addressed. Justification for this is that this information is in- 
cluded in the volume Paediatric Otolaryngology (vol 6). 


Particularly noteworthy is the excellent discourse on the phys- 
iology of the hearing mechanism, which is accompanied by supe- 
rior and uncommon illustrations. This is a well-integrated section 
that provides a good review of recent scientific progress. 


The reader will gain excellent insight into the basic science of 
immunology from this easily understood text. However, it is dis- 
turbing that application of immunology specifically to oto- 
laryngology is not addressed, and the literature is not reviewed. 
There is also a lack of in-depth discussion of magnetic resonance 
imaging technique (such as the characteristics of the physical and 
chemical properties that permit T-weighted images to compare 
and, possibly, diagnose different lesions). 


Depending on the reader’s field of expertise (research, 
medicine, or clinical audiology), this volume may be considered a 
wealth of useful information or a text that includes extraneous 
and irrelevant data along with pertinent information. In any 
case, the reference citations at the end of each chapter, good 
volume indexes, and a cumulative index of all six volumes make 
this set of value as a source of reference. In addition, the contribu- 
tors probably have succeeded in providing an overview of “audio- 


Nevertheless, the fresh insights and original formulations pro- logical medicine,” under the misleading title of Adult Audiology. 
vided in this volume must be appreciated. 
J. KEITH Lowry, MS, CCC-A 


DENNIS G. Pappas, MD Birmingham, Alabama 
Birmingham, Alabama 


Vol 2. Adult Audiology, Dafydd Stephens, ed Vol 3. Otology, John B. Booth, ed 

Several chapters in this volume stand out because of their com- 
pleteness and lucidity. The coverage of sudden and fluctuant sen- 
sorineural hearing loss is an excellent introduction of the neophyte 
to these maladies, and offers a most comprehensive review of the 
literature regarding them. The discussion of sensorineural hearing 
loss of undiagnosable vascular origin is superb. Indeed, this 
chapter may be the most valuable part of this volume, although 
the chapters on otosclerosis, Meniere’s disease, and ototoxicity are 


Audiologic medicine is a nonsurgical medical specialty that ap- 
parently has emerged in many parts of Europe. However, this 
concept has not been promoted in the United States. This phi- 
losophic difference may explain the discrepancy in the useful ap- 
plication of this volume, depending on the reader's (especially au- 
diologist’s) education and experience. Its very broad scope and 
depth of coverage hinder its practical use by otolaryngologists 
dealing with audiologic problems, and by clinical audiologists. 


Indeed, some chapters are so technical and "formula-filled" that exemplary. 

they would be of minimum value to anyone other than a research The vestibular system is divided into two chapters, on pathol- 
audiologist or hearing scientist. A result of this vast amount of ogy and vertigo. The conspicuous deficit in coverage is in the area 
mathematic, technical, and scientific information is often slow of the diagnostic workup. Since electronystagmography, rotation- 
and laborious reading. Nevertheless, most of the text is written in al testing, and platform testing are not discussed, details of other 
a lucid and understandable manner. For the most part, the mate- diagnostic procedures (Dix-Hallpike, minimal caloric tests, hy- 
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perventilation, headshake tests, the use of F renzel glasses, etc) 
would have made a useful addition. 


Although meatography with air contrast rarely is indicated to- 
day for detection of small internal auditory meatus tumors, the 
author advocates this procedure over magnetic resonance imag- 
ing. Nevertheless, the latter procedure, which is currently used 
for this purpose in most otologic clinics, is discussed throughout 
this volume. 

DENNIS G. Pappas, MD 
Birmingham, Alabama 


Vol 4. Rhinology, Ian S. Mackay and T. R. Bull, eds 


In this fifth edition, the editors have added chapters on en- 
doscopy of the nose and sinuses, rhinomanometry, the mecha- 
nisms and treatment of allergy, sleep apnea and snoring, and the 
orbit. Overviews of testing the sense of smell, septal ulceration 
and perforations, and septal surgery are covered adequately and 
with good instructions. 


Presentation of the use of computed tomography in diagnosing 
paranasal sinus disease is well done. However, the expense and 
time involved in CT scanning limits its use to problem cases, or 
those in which neoplasm is suspected (distinction made by 
author). Conventional plain-film x-rays, which are not discussed, 
continue to be the primary radiographic procedure, although 
they are limited in the investigation of paranasal sinus disease. 


On rare occasions, it is difficult to grasp the authors' description 
of disease entities. Temporal arteritis is a cause of headache and 
facial pain, yet scant insight into this significant condition is 
given; actually, a bit more information about it is given in the 
discussion of otalgia in the volume on otology. Nevertheless, tem- 
poral arteritis is listed in the cumulative index and can be found in 
both volumes. 

DENNIS G. Pappas, MD 
Birmingham, Alabama 


Vol 5. Laryngology, P. M. Stell, ed 


The overview of endoscopic and surgical procedures presented 
in this volume is most appropriate for the neophyte. However, the 
more experienced head and neck surgeon might welcome and 
benefit from the opportunity it provides to review philosophies in 
the management of such conditions as vocal cord reinnervations, 
bilateral adductor pharyngeal paralysis, Teflon injections, and 
benign mesodermal tumors. 


Although current techniques such as laser and microendoscopy 
are mentioned, no elaboration on their application is presented. 
The author does, however, stress the use of head mirrors (a seem- 
ingly lost art among new otolaryngologists). He also presents a 
good review of flexible nasopharyngolaryngoscopy, as well as 
pathologies of the mouth, particularly those seen in common con- 
ditions like obstructive sleep apnea. Helpful clarification of the 
characteristics of oral candidiasis in the young male and hairy 
leukoplakia is provided. Human immunodeficiency virus, the 
producer of acquired immunodeficiency syndrome (AIDS), is dis- 
cussed in a concise and well-written half-page. However, since 
40% of the patients with AIDS manifest otolaryngologic symp- 
toms, it might have been prudent to extend this discussion to cover 
epidemiology, etiology, immunology, pathology, clinical mani- 
festations, treatment, and prevention. It is hoped that this subject 
will be extended to cover these areas in the next edition. On the 
other hand, “old” diseases (eg, tuberculosis, scleroma, and 
syphilis), which are discussed in at least three other volumes in the 
set, have pages allocated to them. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Vol 6. Paediatric Otolaryngology, John N. G. Evans, ed 


The first five chapters of this volume diagram the causes of 
hearing loss in both nonsyndrome (congenital) and syndrome pa- 
tients. There are several “coined” findings, such as the mastoid 
being typically unpneumatized and the attic and antrum often re- 
duced to slitlike proportions in Treacher Collins syndrome. Oto- 


logic findings (including radiographic) in many conditions are 
presented concisely. Even so, some known ones are omitted, such 
as fixation of the stapedial footplate in Marfan's syndrome (". . . 
deafness is a rare finding" [36]). 


The section on testing and screening of the hearing is followed 
by two excellent chapters in which speech and language disorders 
are defined clearly according to the most recent available re- 
search. Issues related to diagnosis and treatment of these disorders 
are addressed in a manner appropriate for the physician who 
might require assistance in determining the need to refer a patient 
to a speech-language pathologist. 


Although there are not many studies on children with vestibu- 
lar problems, the literature on this problem is reviewed complete- 
ly. Craniofacial abnormalities again appear (in two chapters). It 
would seem that these could have been organized into the pri- 
mary hearing chapters, thus not giving the appearance of a mé- 
lange. Coverage of mainstream head and neck, pharyngeal, and 
laryngeal medicine is generally good, with no cause for dissent. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Microsurgery of the Skull Base 


Ugo P. Fisch and Douglas Mattox. Hard cover, illustrated, in- 
dexed, 669 pages, 1988. Thieme Stuttgart, New York, $168. 


This large atlas describes all modern surgical procedures on the 
skull base. Its aim is to show the details of each surgical procedure 
so that the interested surgeon may perform it. It is divided into 
ten chapters, and each chapter is divided into seven parts: 1) 
general considerations, consisting of indications, contraindica- 
tions, preoperative preparations, instrumentation, postoperative 
care, and complications; 2) surgical anatomy; 3) surgical tech- 
nique, describing the operations step by step from the skin incision 
to skin closure, with many schematic drawings; 4) applications of 
the principal operation on different diseases and pathologic condi- 
tions with specific modification of the principal operation to the 
specific condition (eg, in Chapter 1, modifications of subtotal 
petrosectomy in cholesteatoma, fractures of the temporal bone, 
CSF leak, facial palsy); 5) postoperative tips and pitfalls; 6) imag- 
ing of several illustrative cases of the diseases, mostly by computed 
tomography; and 7) color plates of the typical surgical highlights 
taken through the operating microscope. 


The ten chapters include 1) subtotal petrosectomy, consisting of 
closing the eustachian tube and exenterating all pneumatic spaces 
of the temporal bone; 2) the transotic approach to the cerebello- 
pontine angle, recommended by the authors mainly for removal 
of acoustic neuroma smaller than 2.5 cm; 3-5) infratemporal fossa 
approaches types A, B, and C, which provide access to the jugular 
foramen and along the intratemporal course of the internal 
carotid artery (A), to the petrous apex and clivus (B), and to the 
pterygopalatine fossa and nasopharynx (C); 6) the transtemporal 
supralabyrinthine approach, better known as the middle fossa ap- 
proach; 7) the translabyrinthine approach, used by the authors 
only for cochleovestibular neurectomy; and 8) petrosectomy and 
radical dissection of the retromandibular fossa, mainly for malig- 
nant parotid tumors. 


In contrast to all other otoneurosurgeons (House, Glasscock, 
Sterkers, Zini, and others, including myself) who have docu- 
mented excellent results on large series in removal of acoustic 
neuromas larger than 2.5 cm by the translabyrinthine approach, 
Fisch and Mattox recommend the transotic approach for tumors 
smaller than 2.5 cm and the suboccipital approach for tumors 
larger than 2.5 cm. In this respect I cannot agree with the 
authors. 


This is a superb atlas with much totally new information on the 
relatively new field of skull base surgery. Every otosurgeon who is 
performing any kind of surgery on the facial or eighth nerve, 
acoustic neuromas, or glomus tumors or other skull base surgery 
will benefit from this book. It should be in the library of every 
ENT department. 


MIRKO Tos, PHD 
Copenhagen, Denmark 
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May 19, 1989 
Dr. Morton Cooper 
10921 Wilshire Blvd. 4401 
Los Angeles, CA 90024 


Dear Dr. Cooper: 


How nice to hear from you in recent days! As you noted, my voice continues to hold strong. | have not had any 
problems with it since returning home in July of 1986. 


I'm glad to hear that you are attempting to get word out about your needed therapy through various publishers and 
organizations. | give permission to use any portion of my thoughts here if they might help others afflicted with a serious 
voice problem find the help you are able to give. 


| am grateful that your book, "Change Your Voice, Change Your.Life," was available to the general public back in 1986! 
| had struggled with “spastic dysphonia” for nine years, trying every voice therapist in our area, without improvement. 


| tried bio-feedback, counseling (since some doctors thought it psychological), and more, without success. In March, 
1986. | traveled to the famed Mayo Clinic, in Rochester, Minn. Little hope was given there, except the possibility of surgery 
to sever the nerve to one vocal cord, paralyzing it forever! But, | was told, this may not help. | opted not to do it! 


Then, a parishioner gave me your book! After reading it, | wrote you and you contacted me about the possibility of 
direct therapy. The rest you know! 


As | consider your work, | see it as a ministry, providing help, hope and wholeness for people who have reached the 
point of giving up on ever communicating normally again. Your therapy is simple but effective as you teach us to use our 
voice the way God intended it to be. 


And as your techniques work wonders, there's a feeling of re-birth, not just for the voice but for the whole person! 
When you've come to believe you've lost something forever . . . and then receive it back again, it's like a miracle! | can't 
describe the joy! And it has brought a new vitality tc my ministry. It's been a source of inspiration for my people as they see 
hope for themselves as they deal with problems that once seemed hopeless. 


Through your therapy, you restore to those of us who had “spastic dysphonia" or other serious voice disorders the 
opportunity to experience again the very gift God has given us that makes us human: the gift of communication! 


Let's Hear Your Views! Blessings & thanks, 


1 
Please send your comments on spastic dysphonia to Wn 
MORTON COOPER, Ph.D., Suite 401, 10921 Wilshire Blvd., 
Pastokda 


mes M. Johnson 


Los Angeles, CA 90024. 
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= Effective single-agent therapy with 
demonstrated clinical efficacy ` 
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Brief Summary. 

Consult the package literature for prescribing information. 

Indication: Otitis media caused by Streptococcus pneumoniae, Haemophilus influen- 
zae, staphylococci, and Streptococcus pyogenes (group A B-hemolytic streptococci) 

Upper respiratory infections, including pharyngitis and tonsillitis, caused by 
S. pyogenes (group A B-hemolytic streptococci) 

Contraindication: Known allergy to cephalosporins. 

Warnings: CECLOR SHOULD BE ADMINISTERED CAUTIOUSLY TO PENICILLIN- 
SENSITIVE PATIENTS. PENICILLINS AND CEPHALOSPORINS SHOW PARTIAL 
CROSS-ALLERGENICHY. POSSIBLE REACTIONS INCLUDE ANAPHYLAXIS 

Administer cautiously to allergic patients. 

Pseudomembranous colitis has been reported with virtually all broad-spectrum 
antibiotics. It must be considered in differential diagnosis of antibiotic-associated 
diarrhea. Colon flora is altered by broad-spectrum antibiotic treatment, possibly result- 
ing in antibiotic-associated colitis. 

Precautions: 

* Discontinue Ceclor in the event of allergic reactions to it. 

* Prolonged use may result in overgrowth of nonsusceptible organisms 

* Positive direct Coombs' tests have been reported during treatment with 
cephalosporins. 

* Ceclor should be administered with caution in the presence of markedly impaired 
renal function. Although dosage adjustments in moderate to severe renal impairment 
are usually not required, careful clinical observation and laboratory studies should be 
made 

+ Broad-spectrum antibiotics should be prescribed with caution in individuals with a 
history of gastrointestinal disease, particularly colitis. 

* Safety and effectiveness have not been determined in pregnancy, lactation, and infants 
less than one month old. Ceclor penetrates mother's milk. Exercise caution in prescrib- 
ing for these patients 

Adverse Reactions: (percentage of patients) 


Therapy-related adverse reactions are uncommon. Those reported include 
+ Hypersensitivity reactions have been reported in about 1.5% of patients and include 
morbilliform eruptions (1 in 100). Pruritus, urticaria, and positive Coombs’ tests each 
occur in less than 1 in 200 patients. Cases of serum-sickness-like reactions have been 
reported with the use of Ceclór. These are characterized by findings of erythema multi- 
forme, rashes, and other skin manifestations accompanied by arthritis/arthralgia, with 
or without fever, and differ from classic serum sickness in that there is infrequently 
associated lymphadenopathy and proteinuria, no circulating immune complexes, and 
no evidence to date of sequelae of the reaction. While further investigation is ongoing, 
serum-sickness-like reactions appear to be due to hypersensitivity and more often 
occur during or following a second (or subsequent) course of therapy with Ceclor. Such 
reactions have been reported more frequently in children than in adults with an overall 
occurrence ranging from 1 in 200 (0.5%) in one focused trial to 2 in 8,346 (0.024%) in 
overall clinical trials (with an incidence in children in clinical trials of 0.055%) to 1 in 
38,000 (0.003%) in spontaneous event reports. Signs and symptoms usually occur a 
few days after initiation: of therapy and subside within a few days after cessation of 
therapy; occasionally th@se reactions have resulted in hospitalization, usually of short 
duration (median hospitalization — two to three days, based on postmarketing, surveil- 
lance studies). In those requiring hospitalization, the symptoms have ranged from mild 
to severe at the time of admission with more of the severe reactions occurring in chil- 
dren. Antihistamines and glucocorticcids appear to enhance resolution of the signs and 
symptoms. No serious sequelae have been reported 
+ Stevens-Johnson syndrome, toxic epidermal necrolysis, and anaphylaxis have been 
reported rarely. Anaphylaxis may be more common in patients with a history of peni- 
cillin allergy 
* Gastrointestinal (mostly diarrhea): 2.5% 
* Symptoms of pseudomembranous colitis may appear either during or after antibiotic 
treatment 
* As with some penicillins and some other cephalosporins, transient hepatitis and 
cholestatic jaundice have been reported rarely 


* Rarely, reversible hyperactivity, nervousness, insomnia, confusion, hyperto 
ness, and somnolence have been reported 

* Other: eosinophilia, 2%; genital pruritus or vaginitis, less than t% and, rarel 
bocytopenia and reversible interstitial nephritis 

Abnormalities in laboratory results of uncertain etiology. 

* Slight elevations in hepatic enzymes. 

* Transient lymphocytosis, leukopenia, and, rarely, reversible neutropenia 

* Abnormal urinalysis; elevations in BUN or serum creatinine. 

* Positive direct Coombs’ test 

* False-positive tests for urinary glucose with Benedict's or Fehling's so 
Clinitest* tablets but not with Tes-Tape* (glucose enzymatic tes! strip, Lilly) 
PA 7602 AMP (05. 
Additional information available to the profession on request from 

Eli Lilly and Company, Indianapolis, Indiana 46285 


Eli Lilly Industries, Ine 

Carolina, Puerto Rico $9630 

A Subsidiary of Eli Lilly and Compaš 
Indianapolis, Indiana 46285 
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